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The burden of TB meningitis  










ĞůĂǇ ŝŶ ĚŝĂŐŶŽƐŝƐ ŽĨ dD ŝƐŵŽƐƚůǇ ĚƵĞ ƚŽ ƵŶƐƉĞĐŝĮĐ ƐŝŐŶƐ ĂŶĚ ƐǇŵƉƚŽŵƐ͘
ĂƌůǇĐůŝŶŝĐĂůĨĞĂƚƵƌĞƐĂƌĞŽŌĞŶŶŽŶƐƉĞĐŝĮĐǁŚŝĐŚĂīĞĐƚƐƉĂƟĞŶƚƐ͛ƉĞƌĐĞƉƟŽŶ


















ŽĨ ƚŚŝƐ ĚŝƐĞĂƐĞ ĂŶĚ ƚŚĞ ƌĞůĂƚĞĚ ƉƌĞĚŝĐƚŽƌƐ ŽĨ ƌĞƐƉŽŶƐĞ͘ ŵŽŶŐ Ăůů ƉŽƐƐŝďůĞ
ƉƌĞĚŝĐƚŽƌƐ ŽĨ ƉŽŽƌ ŽƵƚĐŽŵĞ͕ ,/s ŝŶĨĞĐƟŽŶ ;ĂīĞĐƟŶŐ ƚŚĞ ŝŵŵƵŶĞ ƐǇƐƚĞŵͿ
524329-L-bw-Dian




ďĞƩĞƌ ƵŶĚĞƌƐƚĂŶĚŝŶŐ ŽĨ ƚŚĞ ƉĂƚŚŽŐĞŶĞƐŝƐ ĂŶĚƉƌĞĚŝĐƚŽƌƐ ŽĨ ŽƵƚĐŽŵĞŵŝŐŚƚ
ŽƉĞŶƚŚĞƉŽƐƐŝďŝůŝƚǇƚŽŝŵƉƌŽǀĞĐůŝŶŝĐĂůŵĂŶĂŐĞŵĞŶƚŽĨƚŚĞĚŝƐĞĂƐĞ͕ŝŶĐůƵĚŝŶŐ
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16 Chapter  1
Optimization of drug treatment for Tuberculous Meningitis: 
high dose rifampicin
dŚĞƌĞĂƌĞƚŚƌĞĞŵĂŝŶĂƉƉƌŽĂĐŚĞƐŝŶƚŚĞƚƌĞĂƚŵĞŶƚŽĨdDƚŽŝŵƉƌŽǀĞƐƵƌǀŝǀĂů͗
ĮƌƐƚůǇ͕  ďĂĐƚĞƌŝĂͲĚŝƌĞĐƚĞĚ ƚŚĞƌĂƉǇ ƚŚĂƚ ĂŝŵƐ ƚŽ ŝŶŚŝďŝƚ Žƌ Ŭŝůů ŵǇĐŽďĂĐƚĞƌŝĂ͖
ƐĞĐŽŶĚůǇ͕  ŚŽƐƚͲĚŝƌĞĐƚĞĚ ƚŚĞƌĂƉǇ͕   ƚŚĂƚ ĂŝŵƐ ƚŽ ŝŶƚĞƌĨĞƌĞ ǁŝƚŚ ƚŚĞ ŚŽƐƚͲ
ŝŶŇĂŵŵĂƚŽƌǇ ƌĞƐƉŽŶƐĞ ƚŽ ƌĞĚƵĐĞ ƟƐƐƵĞ ĚĂŵĂŐĞ ĂŶĚ ĐůŝŶŝĐĂů ƐĞǀĞƌŝƚǇ͖ϭϰ ĂŶĚ
ƚŚŝƌĚůǇ͕ ĂƉƉƌŽƉƌŝĂƚĞƐƵƉƉŽƌƟǀĞŵĂŶĂŐĞŵĞŶƚŽĨƚŚĞƐĞƐĞǀĞƌĞůǇŝůůƉĂƟĞŶƚƐ͘t,K
ŐƵŝĚĞůŝŶĞƐƌĞĐŽŵŵĞŶĚϵͲϭϮŵŽŶƚŚƐŽĨĮƌƐƚͲůŝŶĞĂŶƟͲƚƵďĞƌĐƵůŽƐŝƐƌĞŐŝŵĞŶĨŽƌ
dDƚƌĞĂƚŵĞŶƚ͘ϭϱ dŚŝƐ ƌĞĐŽŵŵĞŶĚĂƟŽŶŚĂƐďĞĞŶĚŝīĞƌĞŶƚůǇĂĚĂƉƚĞĚ ŝŶ ƚŚĞ





ZŝĨĂŵƉŝĐŝŶ ƉůĂǇƐ Ă ŬĞǇ ƌŽůĞ ŝŶ ĐůĞĂƌŝŶŐ DǇĐŽďĂĐƚĞƌŝƵŵ ƚƵďĞƌĐƵůŽƐŝƐ ;DƚďͿ
ŝŶĨĞĐƟŽŶ͕ĞǀŝĚĞŶĐĞĚďǇƚŚĞŚŝŐŚŵŽƌƚĂůŝƚǇƌĂƚĞŝŶdDƉĂƟĞŶƚƐǁŝƚŚƌĞƐŝƐƚĂŶĐĞ
ƚŽƚŚŝƐĚƌƵŐ͘ϭϳ͕ϭϴƐĮƌƐƚͲůŝŶĞŽƌĂůĂŐĞŶƚ͕ŝƚŝƐƚŚĞŵŽƐƚƉŽƚĞŶƚĂŶĚďĞƐƚƚŽůĞƌĂƚĞĚ




ĞīĞĐƚƐ ŝŶ ŵŝŶĚ͘ϭϬ ĐĐƵŵƵůĂƟŶŐ ĚĂƚĂ ƐƵŐŐĞƐƚ ƚŚĂƚ ŚŝŐŚĞƌ ĚŽƐĞƐ ŽĨ ƌŝĨĂŵƉŝŶ







ĂŶĚ ďƌĂŝŶ ƟƐƐƵĞ͕ ĞŶĂďůŝŶŐ ŚŝŐŚĞƌŵǇĐŽďĂĐƚĞƌŝĐŝĚĂů ĂĐƟǀŝƚǇ ŝŶ ƚŚĞ ďƌĂŝŶ ĂŶĚ
ƉŽƐƐŝďůǇďĞƩĞƌƐƵƌǀŝǀĂů͘
KƵƌƌĞƐĞĂƌĐŚŐƌŽƵƉŚĂƐƉƌĞǀŝŽƵƐůǇƐŚŽǁŶŝŶĂƉŚĂƐĞ//ƚƌŝĂůƚŚĂƚŝŶĐƌĞĂƐŝŶŐƚŚĞ
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17General Introduction
1
Understanding the immunopathogenesis of Tuberculous Meningitis
DǇĐŽďĂĐƚĞƌŝƵŵ ƚƵďĞƌĐƵůŽƐŝƐ ;DƚďͿ ŝƐ ƐƉƌĞĂĚ ďǇ ĂŝƌďŽƌŶĞ ĚƌŽƉůĞƚ ŶƵĐůĞŝ͕
ƚƌĂŶƐŵŝƩĞĚǁŚĞŶĂŶŝŶĨĞĐƚĞĚŝŶĚŝǀŝĚƵĂůĐŽƵŐŚĂŶĚĚŝƐƉĞƌƐĞƐƚŚĞƐĞĚƌŽƉůĞƚƐ͕
ǁŚŝĐŚ ĐĂŶ ƚŚĞŶ ďĞ ŝŶŚĂůĞĚ ďǇ ŽƚŚĞƌƐ ŝŶƚŽ ƚŚĞ ĂŝƌǁĂǇƐ͘ DĂĐƌŽƉŚĂŐĞƐ ĂŶĚ
ŶĞƵƚƌŽƉŚŝůƐƉůĂǇŬĞǇƌŽůĞƐŝŶƚŚĞƉĂƚŚŽŐĞŶĞƐŝƐŽĨd͘&ŽůůŽǁŝŶŐƚŚĞŝŶŐĞƐƟŽŶ




ĐĞůů ĂŶĚ ƚŚĂƚ ŝƐŽůĂƚĞƐ ƚŚĞ ďĂĐŝůůŝ ŝŶƐŝĚĞ ƚŚĞŵĂĐƌŽƉŚĂŐĞƐ͘ ^ĞĐŽŶĚůǇ͕  ŶĞĐƌŽƐŝƐ
ĚĞĂƚŚ Žƌ ĐĞůů ůǇƐŝƐ ǁŚŝĐŚ ĂůůŽǁƐ ƚŚĞ ďĂĐŝůůŝ ƚŽ ĞǆŝƚŵĂĐƌŽƉŚĂŐĞƐ ĂŶĚ ƐƉƌĞĂĚ
ŝŶĨĞĐƟŽŶ͘ sŝƌƵůĞŶƚ ƐƚƌĂŝŶƐ ŽĨDƚď ĞǀĂĚĞ ŝŶŶĂƚĞ ĚĞĨĞŶĐĞŵĞĐŚĂŶŝƐŵƐ ŽĨ ƚŚĞ
ŚŽƐƚďǇ ŝŶĚƵĐŝŶŐ ůŝƉŽǆŝŶͲϰͬ>yϰ ;ƉƌŽͲŶĞĐƌŽƟĐͿ ĂŶĚ ŝŶŚŝďŝƟŶŐƉƌŽƐƚĂŐůĂŶĚŝŶ
Ϯ ;ƉƌŽͲĂƉŽƉƚŽƟĐͿ ǁŝƚŚŝŶ ŝŶĨĞĐƚĞĚ ŵĂĐƌŽƉŚĂŐĞƐ͕ ůĞĂĚŝŶŐ ƚŽ ŵĂĐƌŽƉŚĂŐĞ
ŶĞĐƌŽƐŝƐƌĂƚŚĞƌƚŚĂŶĂƉŽƉƚŽƐŝƐ͘WƌŽĚƵĐƟŽŶŽĨ>yϰŝƐƉƌŽƉŽƐĞĚƚŽďĞƌĞŐƵůĂƚĞĚ
ďǇ ŐĞŶĞƟĐ ǀĂƌŝĂƟŽŶƐ ŽĨ ůĞƵŬŽƚƌŝĞŶĞϰŚǇĚƌŽůĂƐĞ ;>dϰ,Ϳ͘ϮϲEĞƵƚƌŽƉŚŝůƐ ĂƌĞ
ƌĞƉŽƌƚĞĚƚŽŚĂǀĞĂĚĞƚƌŝŵĞŶƚĂůƌŽůĞŝŶƚŚĞƉĂƚŚŽŐĞŶĞƐŝƐŽĨd͘DŽƌƚĂůŝƚǇĂŶĚ
ƌĞƐƉŝƌĂƚŽƌǇĨĂŝůƵƌĞĂƌĞĂƐƐŽĐŝĂƚĞĚǁŝƚŚŚŝŐŚĞƌůĞǀĞůƐŽĨďůŽŽĚŶĞƵƚƌŽƉŚŝůƐ͘Ϯϳ
,ĞŵĂƚŽŐĞŶŽƵƐĚŝƐƐĞŵŝŶĂƟŽŶŽĨDƚď ĨƌŽŵƚŚĞ ůƵŶŐĞŶĂďůĞƐ ŝƚ ƚŽďĞƐĞĞĚĞĚ
Ăƚ ŚŝŐŚůǇ ŽǆǇŐĞŶĂƚĞĚ ƉĂƌƚƐ ŽĨ ƚŚĞ ďŽĚǇ ŝŶĐůƵĚŝŶŐ ƚŚĞ ƐƵƌĨĂĐĞ ŽĨ ƚŚĞ ďƌĂŝŶ
ĂŶĚĨŽƌŵŝŶŐƐŵĂůůĐĂƐĞĂƟŶŐǀĂƐĐƵůĂƌ ĨŽĐŝŽƌŐƌĂŶƵůŽŵĂƐŬŶŽǁŶĂƐZŝĐŚĨŽĐŝ͘
 ĨŽƌƚƵŝƚŽƵƐ ƌƵƉƚƵƌĞŽĨĂ ůĞƐŝŽŶĂƚ ƚŚĞďƌĂŝŶĐŽƌƚĞǆŽƌŵĞŶŝŶŐĞƐƉƌŽǀŝĚĞƐ Ă
ĐŚĂŶĐĞĨŽƌďĂĐŝůůŝƚŽĞŶƚĞƌƚŚĞƐƵďĂƌĂĐŚŶŽŝĚƐƉĂĐĞ͕ůĞĂĚŝŶŐƚŽĐůŝŶŝĐĂůdD͘ϱ
ůŝŶŝĐĂů ƐǇŵƉƚŽŵƐ ŝŶ dD ĂƌĞ ŵĂŝŶůǇ ĐĂƵƐĞĚ ďǇ ƚŚĞ ŵĞĐŚĂŶŝĐĂů ĞīĞĐƚ ŽĨ
ŝŶŇĂŵŵĂƚŽƌǇ ĞǆƵĚĂƚĞƐ ŝŶ ƚŚĞ ďĂƐĂů ĐŝƐƚĞƌŶƐ ƚŚĂƚ ůĞĂĚƐ ƚŽ ŽďƐƚƌƵĐƟŽŶ ŽĨ
ŶŽƌŵĂů ^& ŇŽǁ ĐĂƵƐŝŶŐ ŚǇĚƌŽĐĞƉŚĂůƵƐ͕ ĂŶĚ ĂƌŽƵŶĚ ƚŚĞ ĐƌĂŶŝĂů ŶĞƌǀĞ
ůĞĂĚŝŶŐ ƚŽ ƉĞƌŝƉŚĞƌĂů ĐƌĂŶŝĂů ŶĞƌǀĞ ƉĂůƐŝĞƐ͕ Žƌ ĂƌŽƵŶĚ ĐĞƌĞďƌĂů ĂƌƚĞƌŝĞƐ
ĐĂƵƐŝŶŐǀĂƐĐƵůŽƉĂƚŚǇĂŶĚďƌĂŝŶŝŶĨĂƌĐƟŽŶ͘&ƵƌƚŚĞƌŵŽƌĞ͕ůŽĐĂůŝǌĞĚŶĞĐƌŽƟǌŝŶŐ
ŐƌĂŶƵůŽŵĂƚŽƵƐ ŝŶŇĂŵŵĂƟŽŶ ĐĂŶ ůĞĂĚ ƚŽ ƚƵďĞƌĐƵůŽŵĂ ĨŽƌŵĂƟŽŶ͘ϱ͕ϲ
/ĚĞŶƟĮĐĂƟŽŶŽĨƚŚŽƐĞďƌĂŝŶĂďŶŽƌŵĂůŝƟĞƐŝ͘Ğ͘ďĂƐĂůŵĞŶŝŶŐĞĂůĞŶŚĂŶĐĞŵĞŶƚ͕
ŝŶĨĂƌĐƟŽŶ͕ ŚǇĚƌŽĐĞƉŚĂůƵƐ͕ ĂŶĚ ƚƵďĞƌĐƵůŽŵĂ͕ ŵĂǇ ƉƌĞǀĞŶƚ ƵŶŶĞĐĞƐƐĂƌǇ
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18 Chapter  1
dDĐĂƐĞƐ͘dŚĞƌĞůĂƟŽŶƐŚŝƉďĞƚǁĞĞŶŚǇƉŽŶĂƚƌĞŵŝĂĂŶĚĚŝƐĞĂƐĞĐŚĂƌĂĐƚĞƌŝƐƟĐƐ
ĂƐǁĞůůĂƐŝƚƐƌĞůĞǀĂŶĐĞĨŽƌƉĂƟĞŶƚŵŽƌƚĂůŝƚǇŚĂǀĞŶŽƚďĞĞŶĞǀĂůƵĂƚĞĚƐŽĨĂƌ͘
/Ŷ ƚŚĞ ƐĞĐŽŶĚ ƉĂƌƚ ŽĨ ƚŚŝƐ ƚŚĞƐŝƐ͕ ǁĞ ĞůĂďŽƌĂƚĞ ŽŶ ƚŚĞ ƉŽƐƐŝďůĞ ƉƌŽŐŶŽƐƟĐ
ŵĂƌŬĞƌƐ ĨŽƌ dD ƉĂƟĞŶƚ ƐƵƌǀŝǀĂů͕ ŝŶĐůƵĚŝŶŐ ƉĂƟĞŶƚƐ͛ ĐŚĂƌĂĐƚĞƌŝƐƟĐƐ͕ ^& ĂŶĚ
ďůŽŽĚ ƌĞƐƉŽŶƐĞ͕ ŚǇƉŽŶĂƚƌĞŵŝĂ͕ ĂŶĚ ŶĞƵƌŽŝŵĂŐŝŶŐ ĂďŶŽƌŵĂůŝƟĞƐ ĂůŽŶŐ ǁŝƚŚ
ƉĂƌĂĚŽǆŝĐĂů ƌĞƐƉŽŶƐĞ͘ dŚĞ ĮŶĚŝŶŐƐ ĨƌŽŵ ƚŚŝƐ ǁŽƌŬ ǁŝůů ĐŚĂůůĞŶŐĞ ƵƐ ƚŽ ŐĞƚ Ă
ďĞƩĞƌƵŶĚĞƌƐƚĂŶĚŝŶŐŽĨƚŚĞŝŵŵƵŶĞͲŵĞĚŝĂƚĞĚƉĂƚŚŽŐĞŶĞƐŝƐŽĨdDĂŶĚŵĂǇ
ƌĞǀĞĂů ƚĂƌŐĞƚƐ ĨŽƌ ŽƉƟŵŝǌĂƟŽŶ ŽĨ dD ƚƌĞĂƚŵĞŶƚ ĂŶĚ ĨŽƌ ďĞƩĞƌ ƐƵƉƉŽƌƟǀĞ
ŵĂŶĂŐĞŵĞŶƚŝŶƚŚĞĨƵƚƵƌĞ͘ϭϯ
THESIS OUTLINE
dŚĞ ĐĞŶƚƌĂů ƋƵĞƐƟŽŶ ŝŶ ƚŚŝƐ ƚŚĞƐŝƐ ŝƐ ŚŽǁ ǁĞ ĐĂŶ ŽƉƟŵŝǌĞ ƚŚĞ ĐůŝŶŝĐĂů




ƉĂƌƚ ŝŶĐůƵĚĞƐ ƚŚƌĞĞ ƐƚƵĚŝĞƐ ƚŚĂƚ ĞǆĂŵŝŶĞ ƉƌŽŐŶŽƐƟĐ ŵĂƌŬĞƌƐ ĨŽƌ ŽƵƚĐŽŵĞ͕
ƉŽƚĞŶƟĂůŚŽƐƚͲĚŝƌĞĐƚĞĚƚƌĞĂƚŵĞŶƚƚĂƌŐĞƚƐĂŶĚďĞƩĞƌƐƵƉƉŽƌƟǀĞŵĂŶĂŐĞŵĞŶƚ͘




The ﬁrst part of this thesis (Chapter 2-4) ĞǆƉůŽƌĞƐ ƚŚĞ ƌŽůĞ ŽĨ ŚŝŐŚͲĚŽƐĞ
ƌŝĨĂŵƉŝĐŝŶ ĂƐ Ă ƐƚƌĂƚĞŐǇ ƚŽ ŝŵƉƌŽǀĞ ŽƵƚĐŽŵĞƐ ŽĨ ƉĂƟĞŶƚƐ ǁŝƚŚ dD͘ KƵƌ
ƌĞƐĞĂƌĐŚŐƌŽƵƉŚĂƐƉƌĞǀŝŽƵƐůǇƐŚŽǁŶŝŶĂƉŚĂƐĞ//ƚƌŝĂůƚŚĂƚŚŝŐŚͲĚŽƐĞƌŝĨĂŵƉŝĐŝŶ
ŐŝǀĞŶŝŶƚƌĂǀĞŶŽƵƐůǇŝƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚďĞƩĞƌŽƵƚĐŽŵĞŽĨdD͘,ŽǁĞǀĞƌ͕ ƚŚĞ







ŵŝĚĚůĞͲŝŶĐŽŵĞ ĐŽƵŶƚƌŝĞƐ͕ ǁŚĞƌĞ ŵŽƐƚ dD ƉĂƟĞŶƚƐ ĂƌĞ ĨŽƵŶĚ͘ DŽƌĞŽǀĞƌ͕ 
ƚŚŝƐ ĨŽƌŵƵůĂƟŽŶ ŝƐ ĞǆƉĞŶƐŝǀĞ ĂŶĚ ŝƚ ŵƵƐƚ ďĞ ĂĚŵŝŶŝƐƚĞƌĞĚ ďǇ ŚĞĂůƚŚĐĂƌĞ
ǁŽƌŬĞƌƐ͕ǁŚŝĐŚ ŝƐ ŝŵƉƌĂĐƟĐĂůĂŶĚƵŶĨĞĂƐŝďůĞŽǀĞƌĂ ůŽŶŐĞƌƉĞƌŝŽĚŽĨƟŵĞŽƌ
ĂŌĞƌĚŝƐĐŚĂƌŐĞĨƌŽŵĂŚŽƐƉŝƚĂů͘dŚĞĮŶĚŝŶŐƐĨƌŽŵŽƵƌĮƌƐƚĐůŝŶŝĐĂůƚƌŝĂůŵĂĚĞƵƐ
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dŚĞ ĚŽƵďůĞ ĚŽƐĞ ŽĨ ƌŝĨĂŵƉŝĐŝŶ ǁĂƐ ƐĂĨĞ ĂŶĚ ǁĞůů ƚŽůĞƌĂƚĞĚ͘ dŚĞƌĞĨŽƌĞ͕ ǁĞ




The second part (Chapter 5-7) ŽĨ ƚŚŝƐ ƚŚĞƐŝƐ ƐĞƚƐ ŽƵƚ ƚŽ ĚĞƚĞƌŵŝŶĞ ƚŚĞ
ƉƌŽŐŶŽƐƟĐŵĂƌŬĞƌƐĨŽƌƉŽŽƌŽƵƚĐŽŵĞŽĨdDƉĂƟĞŶƚƐĂŶĚƚŽƌĞǀĞĂůƉŽƚĞŶƟĂů
ŶĞǁƚĂƌŐĞƚƐĨŽƌŝŵƉƌŽǀĞŵĞŶƚŽĨƚƌĞĂƚŵĞŶƚŽƌďĞƩĞƌƐƵƉƉŽƌƟǀĞŵĂŶĂŐĞŵĞŶƚ͘
^ĞǀĞƌĂůƉƌĞĚŝĐƚŽƌƐ ĨŽƌŚŝŐŚŵŽƌƚĂůŝƚǇŽĨdDŚĂǀĞďĞĞŶ ŝĚĞŶƟĮĞĚ͕ ŝŶĐůƵĚŝŶŐ
ůĂƚĞ ĚŝƐĞĂƐĞ ƉƌĞƐĞŶƚĂƟŽŶ͕ ĚƌƵŐ ƌĞƐŝƐƚĂŶĐĞ͕ ŚƵŵĂŶ ŝŵŵƵŶŽĚĞĮĐŝĞŶĐǇ ǀŝƌƵƐ
;,/sͿŝŶĨĞĐƟŽŶ͕ĂŶĚůŽǁĐĞƌĞďƌŽƐƉŝŶĂůŇƵŝĚ;^&ͿĐĞůůĐŽƵŶƚƐĂŶĚŐůƵĐŽƐĞůĞǀĞůƐ͘
dŚĞƌŽůĞŽĨƚŚĞŚŽƐƚŝŶŇĂŵŵĂƚŽƌǇƌĞƐƉŽŶƐĞŝŶdDƉĂƟĞŶƚƐ͕ŚŽǁĞǀĞƌ͕ ƌĞŵĂŝŶƐ
ƵŶĐůĞĂƌ͘  /Ŷ Chapter 5͕ ǁĞ ŝŶǀĞƐƟŐĂƚĞĚ ĐůŝŶŝĐĂů ƉĂƌĂŵĞƚĞƌƐ͕ ƌŽƵƟŶĞ ^& ĂŶĚ
ďůŽŽĚŚĂĞŵĂƚŽůŽŐǇͲĂƐŵĂƌŬĞƌƐŽĨŚŽƐƚ ŝŶŇĂŵŵĂƚŽƌǇƌĞƐƉŽŶƐĞͲ ŝŶƌĞůĂƟŽŶ
ƚŽƐƵƌǀŝǀĂůŽĨdDƉĂƟĞŶƚƐ͘ŶŽƚŚĞƌĐŚĂƌĂĐƚĞƌŝƐƟĐŽĨdDŝƐƚŚĞŐƌĞĂƚǀĂƌŝĞƚǇ
ŝŶ ŶĞƵƌŽƌĂĚŝŽůŽŐŝĐĂů ĂďŶŽƌŵĂůŝƟĞƐ͘ Chapter 6 ĞǆƉůŽƌĞƐ ƚŚĞ ƌŽůĞ ŽĨ ďĂƐĞůŝŶĞ
ŶĞƵƌŽŝŵĂŐŝŶŐ ĂďŶŽƌŵĂůŝƟĞƐ ƚŚĂƚ ĂƌĞ ĐŽŵŵŽŶůǇ ĨŽƵŶĚ ŝŶ dD ƉĂƟĞŶƚƐ ĂƐ
Ă ƉƌĞĚŝĐƚŽƌŽĨ dD ƐƵƌǀŝǀĂů͘tĞĂůƐŽ ĞůĂďŽƌĂƚĞĚŽŶ ƚŚĞ ůŝŶŬďĞƚǁĞĞŶ ƚŚĞƐĞ
ŶĞƵƌŽŝŵĂŐŝŶŐĂďŶŽƌŵĂůŝƟĞƐĂŶĚĐůŝŶŝĐĂůƐĞǀĞƌŝƚǇ͕ ďůŽŽĚĂŶĚ^&ŝŶŇĂŵŵĂƚŽƌǇ
ŵĂƌŬĞƌƐ͕ĂƐǁĞůůĂƐŵŽƌƚĂůŝƚǇĂŌĞƌƐŝǆŵŽŶƚŚƐŽĨ ĨŽůůŽǁƵƉ͘ /Ŷ ƚŚŝƐƐƚƵĚǇǁĞ
ƵŶĚĞƌƚŽŽŬƐĞƌŝĂůDZ/ĂƚĚŝĂŐŶŽƐŝƐĂŶĚĂŌĞƌϲϬĚĂǇƐŽĨƚƌĞĂƚŵĞŶƚĂŶĚĞǀĂůƵĂƚĞĚ
ƚŚĞ DZ/ ĐŚĂŶŐĞƐ ŽǀĞƌ ƟŵĞ͘ /Ŷ Chapter 7 ǁĞ ĨŽĐƵƐĞĚ ŽŶ ŚǇƉŽŶĂƚƌĞŵŝĂ͕
Ă ĐŽŵŵŽŶĮŶĚŝŶŐ ŝŶdD͘^Ž ĨĂƌ ŝƚ ŝƐƵŶĐůĞĂƌ ŝĨŚǇƉŽŶĂƚƌĞŵŝĂ ŝƐĂƐƐŽĐŝĂƚĞĚ
ǁŝƚŚƉŽŽƌƉƌŽŐŶŽƐŝƐŽĨdD͘/ŶƚŚŝƐƐƚƵĚǇ͕ ǁĞĞǆĂŵŝŶĞĚƚŚĞĐůŝŶŝĐĂůƌĞůĞǀĂŶĐĞ
ŽĨ ŚǇƉŽŶĂƚƌĞŵŝĂ ďǇ ĐŽŵďŝŶŝŶŐ Ă ƐƚĂŶĚĂƌĚ ƐƚĂƟƐƟĐĂů ĂƉƉƌŽĂĐŚǁŝƚŚ Ă ŶŽǀĞů
ĐĂƵƐĂůŵŽĚĞůůŝŶŐĂƉƉƌŽĂĐŚƚŚĂƚŽǀĞƌĐŽŵĞƐƚŚĞƌŝƐŬŽĨƐŽͲĐĂůůĞĚ ŝŶƐƚĂďŝůŝƚǇŽĨ
ƉƌĞĚŝĐƟǀĞŵŽĚĞůĞƐƟŵĂƟŽŶ͘
dŚĞŵĂŝŶĮŶĚŝŶŐƐŽĨ Ăůů ƐƚƵĚŝĞƐ ŝŶ ƚŚŝƐ ƚŚĞƐŝƐ ĂƌĞ ƐƵŵŵĂƌŝǌĞĚ ŝŶChapter 8͕
ĂŶĚ ƚŚŝƐ ĐŚĂƉƚĞƌ ĂůƐŽƉƌŽǀŝĚĞƐ Ă ŐĞŶĞƌĂů ĚŝƐĐƵƐƐŝŽŶ ƌĞŐĂƌĚŝŶŐ ƚŚĞŚŝŐŚͲĚŽƐĞ
ƌŝĨĂŵƉŝĐŝŶ ĐŽŶĐĞƉƚ ĂŶĚ ƚŚĞ ƌĞůĞǀĂŶĐĞ ŽĨ ƉƌŽŐŶŽƐƟĐ ŵĂƌŬĞƌƐ ĨŽƌ ƉŽƚĞŶƟĂů
ŚŽƐƚͲĚŝƌĞĐƚĞĚ ƚƌĞĂƚŵĞŶƚ ƚĂƌŐĞƚƐ͘ŶƵŵďĞƌŽĨ ŝŵƉŽƌƚĂŶƚ ŝŵƉůŝĐĂƟŽŶƐŽĨŽƵƌ
ƌĞƐĞĂƌĐŚĮŶĚŝŶŐƐ͕ĂŶĚ ƐĞǀĞƌĂů ƌĞĐŽŵŵĞŶĚĂƟŽŶƐ ĨŽƌ ĨƵƚƵƌĞdDƌĞƐĞĂƌĐŚ ŝŶ
/ŶĚŽŶĞƐŝĂĂƌĞĚŝƐĐƵƐƐĞĚ͘
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Abstract
Background 
ZĞĐĞŶƚ ĚĂƚĂ ƐƵŐŐĞƐƚ ƚŚĂƚ ŝŶƚĞŶƐŝĮĞĚ ĂŶƟŵŝĐƌŽďŝĂů ƚƌĞĂƚŵĞŶƚ ŵĂǇ ŝŵƉƌŽǀĞ
ŽƵƚĐŽŵĞŽĨdŵĞŶŝŶŐŝƟƐ͘ŽŶƐŝĚĞƌŝŶŐƚŚĂƚĚƌƵŐĞǆƉŽƐƵƌĞŝƐƚŚĞŝŶƚĞƌŵĞĚŝĂƚĞ
ůŝŶŬ ďĞƚǁĞĞŶ ĚŽƐĞ ĂŶĚ ĞīĞĐƚ͕ ǁĞ ĞǆĂŵŝŶĞĚ ƚŚĞ ĐŽŶĐĞŶƚƌĂƟŽŶƐͲƌĞƐƉŽŶƐĞ
ƌĞůĂƟŽŶƐŚŝƉĨŽƌƌŝĨĂŵƉŝĐŝŶĂŶĚŵŽǆŝŇŽǆĂĐŝŶŝŶdŵĞŶŝŶŐŝƟƐƉĂƟĞŶƚƐ͘
Methods 





ƐĂŵƉůŝŶŐǁĂƐƉĞƌĨŽƌŵĞĚŽŶĐĞ ŝŶĞǀĞƌǇƉĂƟĞŶƚĚƵƌŝŶŐ ƚŚĞĮƌƐƚ ƚŚƌĞĞĐƌŝƟĐĂů






















ŽĨƉĂƟĞŶƚƐĂīĞĐƚĞĚ͘ϯϯ͕ϯϰ dŚĞ ƚƌĞĂƚŵĞŶƚŽĨdŵĞŶŝŶŐŝƟƐƉĂƟĞŶƚƐ ĨŽůůŽǁƐ ƚŚĞ
ŵŽĚĞů ĨŽƌƐŚŽƌƚͲĐŽƵƌƐĞĐŚĞŵŽƚŚĞƌĂƉǇ ŝŶƉƵůŵŽŶĂƌǇdƉĂƟĞŶƚƐ͕ĐŽŵƉƌŝƐŝŶŐ
ĂŶ ŝŶƚĞŶƐŝǀĞĂŶĚĐŽŶƟŶƵĂƟŽŶƉŚĂƐĞŽĨ ƚƌĞĂƚŵĞŶƚ͘ϭϱ͕ϯϱ /ŶĂĚĚŝƟŽŶ͕ ƚŚĞ ƐĂŵĞ
dĚƌƵŐƐĂŶĚĚŽƐŝŶŐŐƵŝĚĞůŝŶĞƐĂƌĞĂƉƉůŝĞĚ͕ĞǀĞŶƚŚŽƵŐŚŝƚŝƐŬŶŽǁŶƚŚĂƚƚŚĞ
ƉĞŶĞƚƌĂƟŽŶ ŽĨ ƐŽŵĞ ĮƌƐƚͲůŝŶĞ ĂŶƟͲƚƵďĞƌĐƵůŽƐŝƐ ĚƌƵŐƐ͕ ĞƐƉĞĐŝĂůůǇ ƌŝĨĂŵƉŝĐŝŶ͕
ŝŶƚŽĐĞƌĞďƌŽƐƉŝŶĂůŇƵŝĚ;^&ͿŝƐůŝŵŝƚĞĚ͘ϭϮ
KŶĞ ǁĂǇ ƚŽ ŝŵƉƌŽǀĞ ƚŚĞ ŽƵƚĐŽŵĞ ŽĨ d ŵĞŶŝŶŐŝƟƐ ŵĂǇ ďĞ ƚŽ ŝŶƚĞŶƐŝĨǇ
ĂŶƟŵŝĐƌŽďŝĂůƚƌĞĂƚŵĞŶƚ͘tĞŚĂǀĞƌĞĐĞŶƚůǇĞǆĂŵŝŶĞĚƚŚŝƐŝŶĂƉŚĂƐĞϮĐůŝŶŝĐĂů
ƚƌŝĂů ĂŵŽŶŐ d ŵĞŶŝŶŐŝƟƐ ƉĂƟĞŶƚƐ ŝŶ /ŶĚŽŶĞƐŝĂ͘ϭϭ /ŶƚĞŶƐŝĮĞĚ ƚƌĞĂƚŵĞŶƚ
ĐŽŶƐŝƐƚĞĚ ŽĨ Ă ϯϬй ŚŝŐŚĞƌ ĚŽƐĞ ŽĨ ƌŝĨĂŵƉŝĐŝŶ ĂĚŵŝŶŝƐƚĞƌĞĚ ŝŶƚƌĂǀĞŶŽƵƐůǇ
;ŝ͘ǀ͘ ͿƉůƵƐƐƚĂŶĚĂƌĚͲĚŽƐĞŽƌŚŝŐŚͲĚŽƐĞŵŽǆŝŇŽǆĂĐŝŶŽƌĂůůǇ͕ ĐŽŵďŝŶĞĚǁŝƚŚŽƌĂů
ŝƐŽŶŝĂǌŝĚ ĂŶĚ ƉǇƌĂǌŝŶĂŵŝĚĞ ĚƵƌŝŶŐ ƚŚĞ ĮƌƐƚ ƚǁŽǁĞĞŬƐ͘ dŚĞ ŚŝŐŚĞƌ ĚŽƐĞ ŽĨ
ƌŝĨĂŵƉŝĐŝŶǁĂƐ ƐĂĨĞ ĂŶĚ ůĞĚ ƚŽ Ă ƚŚƌĞĞͲĨŽůĚ ŚŝŐŚĞƌ ĚƌƵŐ ĞǆƉŽƐƵƌĞ ŝŶ ƉůĂƐŵĂ
ĂŶĚ ^&͘  /Ŷ ĂĚĚŝƟŽŶ͕ ŚŝŐŚͲĚŽƐĞ ŝ͘ǀ͘  ƌŝĨĂŵƉŝĐŝŶ ǁĂƐ ĂƐƐŽĐŝĂƚĞĚǁŝƚŚ Ă ƐƚƌŽŶŐ
ƌĞĚƵĐƟŽŶ ŝŶ ƐŝǆͲŵŽŶƚŚŵŽƌƚĂůŝƚǇĐŽŵƉĂƌĞĚ ƚŽƐƚĂŶĚĂƌĚĚŽƐĞŽƌĂů ƚƌĞĂƚŵĞŶƚ
;ϯϱйǀƐ͘ϲϱй͕ĂĚũƵƐƚĞĚ,ZϬ͘ϰϮ΀ϵϱй/Ϭ͘ϮϬͲϬ͘ϵϭ΁Ϳ͕ĂůƚŚŽƵŐŚƚŚĞƐƚƵĚǇŚĂĚ
ŶŽƚ ďĞĞŶ ƉŽǁĞƌĞĚ ƚŽ ĚĞƚĞĐƚ ĚŝīĞƌĞŶĐĞƐ ŝŶ ŽƵƚĐŽŵĞ͘DŽǆŝŇŽǆĂĐŝŶ ǁĂƐ ŶŽƚ
ĂƐƐŽĐŝĂƚĞĚǁŝƚŚĂƐƵƌǀŝǀĂůďĞŶĞĮƚ͘
WƌĞǀŝŽƵƐůǇ͕  ŵŽƌƚĂůŝƚǇ ĂŶĚ ƌĞƐŽůƵƟŽŶ ŽĨ ĐŽŵĂ ǁĞƌĞ ƌĞůĂƚĞĚ ƚŽ ƚŚĞ ĚŽƐĞ ŽĨ
ƌŝĨĂŵƉŝĐŝŶĂŶĚŵŽǆŝŇŽǆĂĐŝŶ͕ŶŽƚƚŽ ŝŶĚŝǀŝĚƵĂůĐŽŶĐĞŶƚƌĂƟŽŶƐŽĨƚŚĞƐĞĚƌƵŐƐ͘
,ŽǁĞǀĞƌ͕  ĂĚŵŝŶŝƐƚƌĂƟŽŶ ŽĨ ƚŚĞƐĞ ĚŽƐĞƐ ƌĞƐƵůƚĞĚ ŝŶ ůĂƌŐĞ ŝŶƚĞƌͲŝŶĚŝǀŝĚƵĂů
ǀĂƌŝĂďŝůŝƚǇŝŶĞǆƉŽƐƵƌĞƐ͕ďŽƚŚŝŶƉůĂƐŵĂĂŶĚ^&͘ ϭϭĐĐƵŵƵůĂƟŶŐĚĂƚĂƐƵŐŐĞƐƚ
ƚŚĂƚ ĞǆƉŽƐƵƌĞ ƚŽ d ĚƌƵŐƐ ŝƐ ƌĞůĞǀĂŶƚ ĨŽƌ ŽƵƚĐŽŵĞ ŝŶ ƉƵůŵŽŶĂƌǇ d͘ϯϲͲϰϭ
ŽŶƐŝĚĞƌŝŶŐƚŚĂƚĐŽŶĐĞŶƚƌĂƟŽŶƐŽĨdĚƌƵŐƐĂƌĞƚŚĞŝŶƚĞƌŵĞĚŝĂƚĞůŝŶŬďĞƚǁĞĞŶ




ƚƌĞĂƚŵĞŶƚ ƌĞƐƉŽŶƐĞ ŝŶ dŵĞŶŝŶŐŝƟƐ͘ ^ƵĐŚ ĞǆƉŽƐƵƌĞ ƚŚƌĞƐŚŽůĚƐ ŚĞůƉ ŝŶ ƚŚĞ
ĂƐƐĞƐƐŵĞŶƚŽĨƚŚĞŽƉƟŵĂůŽƌĂů;ƌĂƚŚĞƌƚŚĂŶŝ͘ǀ͘ ͿĚŽƐĞŽĨdĚƌƵŐƐŶĞĞĚĞĚƚŽ
ƚƌĞĂƚ dŵĞŶŝŶŐŝƟƐ ĂŶĚ ĂŝĚ ŝŶ ƚŚĞ ĚĞƐŝŐŶ ŽĨ ƉŚĂƌŵĂĐŽŬŝŶĞƟĐĂůůǇ ŽƉƟŵŝǌĞĚ
ĚŽƐŝŶŐƌĞŐŝŵĞŶƐĨŽƌdŵĞŶŝŶŐŝƟƐŝŶŽƚŚĞƌƉŽƉƵůĂƟŽŶƐ;Ğ͘Ő͘ĐŚŝůĚƌĞŶͿ͘
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ďĞĨŽƌĞ ĂĚŵŝƐƐŝŽŶ͕ Ă ŚŝƐƚŽƌǇ ŽĨ ƚƵďĞƌĐƵůŽƵƐŵĞŶŝŶŐŝƟƐ͕ ƉƌĞŐŶĂŶĐǇ͕  ůĂĐƚĂƟŽŶ͕
Ă ŬŶŽǁŶ ĐŽŶƚƌĂŝŶĚŝĐĂƟŽŶ ƚŽŵŽǆŝŇŽǆĂĐŝŶ͕ ĂůĂŶŝŶĞ ĂŵŝŶŽƚƌĂŶƐĨĞƌĂƐĞ ĂĐƟǀŝƚǇ
ŵŽƌĞ ƚŚĂŶ ĮǀĞ ƟŵĞƐ ƚŚĞ ƵƉƉĞƌ ůŝŵŝƚ ŽĨ ŶŽƌŵĂů͕ ŬŶŽǁŶ ŚǇƉĞƌƐĞŶƐŝƟǀŝƚǇ Žƌ













ϯϬϬ ŵŐͬĚĂǇ ĨŽƌ ĨŽƵƌ ŵŽŶƚŚƐ ŝŶ ĂĐĐŽƌĚĂŶĐĞ ǁŝƚŚ ƚŚĞ /ŶĚŽŶĞƐŝĂŶ EĂƟŽŶĂů
dƵďĞƌĐƵůŽƐŝƐ WƌŽŐƌĂŵ͘ ůů ƉĂƌƟĐŝƉĂŶƚƐ ǁĞƌĞ ŐŝǀĞŶ ĂĚũƵŶĐƟǀĞ ĐŽƌƟĐŽƐƚĞƌŽŝĚ
ƚƌĞĂƚŵĞŶƚ ĨŽƌ ƚŚĞ ĮƌƐƚ ϲͲϴ ǁĞĞŬƐ ĂĐĐŽƌĚŝŶŐ ƚŽ ŝŶƚĞƌŶĂƟŽŶĂů ŐƵŝĚĞůŝŶĞƐ͘ϰϮ
WĂƟĞŶƚƐ ǁĞƌĞ ĨŽůůŽǁĞĚ ƵƉ ƵŶƟů Ɛŝǆ ŵŽŶƚŚƐ ĂŌĞƌ ƐƚĂƌƚ ŽĨ ƚƌĞĂƚŵĞŶƚ͘ dŚĞ
ƐƚƵĚǇǁĂƐ ĂƉƉƌŽǀĞĚďǇ ƚŚĞĞƚŚŝĐĂů ƌĞǀŝĞǁďŽĂƌĚŽĨ,ĂƐĂŶ ^ĂĚŝŬŝŶ,ŽƐƉŝƚĂůͬ
DĞĚŝĐĂů&ĂĐƵůƚǇŽĨhŶŝǀĞƌƐŝƚĂƐWĂĚũĂĚũĂƌĂŶ͕ĂŶĚƵŶŐ͕/ŶĚŽŶĞƐŝĂ͘&ŽƌƐƉĞĐŝĮĐƐ
ŽŶ ƌĂŶĚŽŵŝƐĂƟŽŶ ĂŶĚ ŵĂƐŬŝŶŐ͕ ƚƌĞĂƚŵĞŶƚ ĂŶĚ ĨŽůůŽǁͲƵƉ͕ ǁĞ ƌĞĨĞƌ ƚŽ ŽƵƌ
ƉƌĞǀŝŽƵƐůǇƉƵďůŝƐŚĞĚǁŽƌŬ͘ϭϭ
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WŚĂƌŵĂĐŽŬŝŶĞƟĐ ƐĂŵƉůŝŶŐ ǁĂƐ ƉĞƌĨŽƌŵĞĚ ŝŶ ƚŚĞ ĮƌƐƚ ƚŚƌĞĞ ĚĂǇƐ ŽĨ ĚƌƵŐ
ĂĚŵŝŶŝƐƚƌĂƟŽŶ͕ ĂƐ ƚŚĞƐĞ ĚĂǇƐ ǁĞƌĞ ĐŽŶƐŝĚĞƌĞĚ ƚŽ ďĞ ĐƌŝƟĐĂů ĨŽƌ ŽƵƚĐŽŵĞ͘
^ĞƌŝĂů ďůŽŽĚ ƐĂŵƉůŝŶŐǁĂƐĚŽŶĞ ũƵƐƚďĞĨŽƌĞĂŶĚĂƚϭ͕ Ϯ͕ ϰ͕ ϲ͕ ĂŶĚϮϰŚĂŌĞƌ
ĚŽƐŝŶŐ͘dǁŽ^&ƐĂŵƉůĞƐǁĞƌĞƚĂŬĞŶŽŶƚŚĞƐĂŵĞĚĂǇĂƐƚŚĞďůŽŽĚƐĂŵƉůĞƐ
ĂŶĚŵŽƌĞƚŚĂŶϮϰŚĂŌĞƌƚŚĞĮƌƐƚ^&ƐĂŵƉůŝŶŐ͕ďĞƚǁĞĞŶϯĂŶĚϲŚĂŶĚƐƚĂƌƟŶŐ
ĨƌŽŵ ϲ ƵŶƟů ϵŚ ĂŌĞƌ ĚƌƵŐ ĂĚŵŝŶŝƐƚƌĂƟŽŶ͕ ƌĞƐƉĞĐƟǀĞůǇ͘ dŚĞ ƚŽƚĂů ;ƉƌŽƚĞŝŶͲ
ďŽƵŶĚƉůƵƐƵŶďŽƵŶĚͿƉůĂƐŵĂĂŶĚĐĞƌĞďƌŽƐƉŝŶĂů ƌŝĨĂŵƉŝĐŝŶĂŶĚŵŽǆŝŇŽǆĂĐŝŶ
ĐŽŶĐĞŶƚƌĂƟŽŶƐǁĞƌĞĂƐƐĞƐƐĞĚĂƚZĂĚďŽƵĚhŶŝǀĞƌƐŝƚǇDĞĚŝĐĂůĞŶƚĞƌ͕ EŝũŵĞŐĞŶ͕
dŚĞ EĞƚŚĞƌůĂŶĚƐ͕ ƵƐŝŶŐ ǀĂůŝĚĂƚĞĚ ŚŝŐŚͲƉĞƌĨŽƌŵĂŶĐĞ ůŝƋƵŝĚ ĐŚƌŽŵĂƚŽŐƌĂƉŚǇ
ĂƐƐĂǇƐ͘ &Žƌ ƌŝĨĂŵƉŝĐŝŶ͕ ĂĐĐƵƌĂĐǇ ĨŽƌ ƐƚĂŶĚĂƌĚ ĐŽŶĐĞŶƚƌĂƟŽŶƐ ǁĂƐ ďĞƚǁĞĞŶ
ϵϵ͘ϴйĂŶĚϭϬϬ͘ϰйĚĞƉĞŶĚĞŶƚŽŶƚŚĞĐŽŶĐĞŶƚƌĂƟŽŶ͘dŚĞŝŶƚƌĂͲĂƐƐĂǇĂŶĚŝŶƚĞƌͲ
ĂƐƐĂǇĐŽĞĸĐŝĞŶƚƐŽĨǀĂƌŝĂƟŽŶǁĞƌĞůĞƐƐƚŚĂŶϰйĨŽƌĂĐŽŶĐĞŶƚƌĂƟŽŶŽĨϬ͘ϮϲͲ














ƉƌĞƐĞŶƚĞĚ ĚĞƐĐƌŝƉƟǀĞůǇ ĨŽƌ Ăůů ƉĂƟĞŶƚƐ ŝŶĐůƵĚĞĚ͕ ŝƌƌĞƐƉĞĐƟǀĞ ŽĨ ƚŚĞŝƌ ƐƚƵĚǇ
ŐƌŽƵƉ͘ŽƌƌĞůĂƟŽŶĂŶĂůǇƐĞƐƵƐŝŶŐ^ƉĞĂƌŵĂŶ Ɛ͛ƌĂŶŬǁĞƌĞƉĞƌĨŽƌŵĞĚďĞƚǁĞĞŶ
ŵĞĂƐƵƌĞƐŽĨƌŝĨĂŵƉŝĐŝŶĂŶĚŵŽǆŝŇŽǆĂĐŝŶĞǆƉŽƐƵƌĞ͗hŝŶƉůĂƐŵĂǀƐ͘ŵĂǆ ŝŶ




Processed on: 17-9-2018 PDF page: 26
26 Chapter  2
Categorizing data by exposure
dĞƌƟůĞƐ ǁĞƌĞ ĨŽƌŵĞĚ ďĂƐĞĚ ŽŶ ƚŚĞ ƌŝĨĂŵƉŝĐŝŶ ĂŶĚ ŵŽǆŝŇŽǆĂĐŝŶ ĞǆƉŽƐƵƌĞ
ƉĂƌĂŵĞƚĞƌƐ ;h ƉůĂƐŵĂ͕ ŵĂǆ ƉůĂƐŵĂ͕ ŚŝŐŚĞƐƚ ^&Ϳ͕ ǁŚŝĐŚ ǁĞƌĞ ĚĞƐŝŐŶĂƚĞĚ
ŐƌŽƵƉƐǁŝƚŚ͚ůŽǁ͕͛ ͚ƐƚĂŶĚĂƌĚ͛Žƌ͚ŚŝŐŚ͛ĞǆƉŽƐƵƌĞ͘dĞƌƟůĞƐǁĞƌĞĐŚŽƐĞŶ͕ďĞĐĂƵƐĞ
ĚŝǀŝƐŝŽŶ ŝŶƚŽŵŽƌĞ ƚŚĂŶ ƚŚƌĞĞŐƌŽƵƉƐ ůĞĂĚ ƚŽ ƐŵĂůůŶƵŵďĞƌƐŽĨƉĂƟĞŶƚƐƉĞƌ
ŐƌŽƵƉ͘dŚĞƵƐĞŽĨƚĞƌƟůĞƐĂůƐŽĞŶĂďůĞĚƵƐƚŽĐŚĞĐŬƚŚĞƉƌĞƐĞŶĐĞŽĨĂhͲƐŚĂƉĞĚ




Comparing exposure per outcome value
ŝīĞƌĞŶĐĞƐ ŝŶ ĞǆƉŽƐƵƌĞŵĞĂƐƵƌĞƐ ďĞƚǁĞĞŶ ƉĂƟĞŶƚƐǁŚŽ ĚŝĞĚ ĂŶĚ ƉĂƟĞŶƚƐ
ǁŚŽƐƵƌǀŝǀĞĚ͕ĂŶĚďĞƚǁĞĞŶƚŚŽƐĞǁŝƚŚĂŶĚǁŝƚŚŽƵƚƌĞƐŽůƵƟŽŶŽĨĐŽŵĂ;'^
ŽĨ ϭϱͿǁĞƌĞ ƚĞƐƚĞĚǁŝƚŚ ŝŶĚĞƉĞŶĚĞŶƚ ƐĂŵƉůĞƐ ƚͲƚĞƐƚƐ ŽŶ ƚŚĞ ůŽŐĂƌŝƚŚŵŝĐĂůůǇ
ƚƌĂŶƐĨŽƌŵĞĚǀĂůƵĞƐŽĨƉůĂƐŵĂh͕ƉůĂƐŵĂŵĂǆĂŶĚ^&ŚŝŐŚĞƐƚ͘



















ĂǀĞƌĂŐĞ ƐƵƌǀŝǀĂůǁŝƚŚŝŶĞĂĐŚĐůĂƐƐǁĂƐ ĐĂůĐƵůĂƚĞĚ͘ůů ĐůĂƐƐĞƐǁĞƌĞĚĞƐŝŐŶĞĚ
ƚŽĐŽŶƚĂŝŶĂƚůĞĂƐƚƚŚƌĞĞƉĂƟĞŶƚƐ͘&ŽƌƚŚŝƐƌĞĂƐŽŶ͕ƚŚĞŚŝŐŚĞƐƚƚǁŽƌŝĨĂŵƉŝĐŝŶ
h ĞǆƉŽƐƵƌĞ ĐůĂƐƐĞƐ ŚĂĚ ƚŽ ďĞ ĐŽŵďŝŶĞĚ͘ ^ƵƌǀŝǀĂů ĂŌĞƌ ƚǁŽŵŽŶƚŚƐ ǁĂƐ
ƵƐĞĚ ĂƐ ƌĞƐƉŽŶƐĞ ƉĂƌĂŵĞƚĞƌ͕  ďĞĐĂƵƐĞ ƚŚĞ ŶƵŵďĞƌ ŽĨ ĚĞĐĞĂƐĞĚ ƉĂƟĞŶƚƐ ŝŶ
Ă ƐŚŽƌƚĞƌ ĨŽůůŽǁͲƵƉ ƉĞƌŝŽĚ ǁĂƐ ƚŽŽ ƐŵĂůů͘ ŽŶĐĞŶƚƌĂƟŽŶͲƌĞƐƉŽŶƐĞ ĐƵƌǀĞƐ
ǁĞƌĞĞƐƚĂďůŝƐŚĞĚďǇŶŽŶůŝŶĞĂƌƌĞŐƌĞƐƐŝŽŶĮƫŶŐŽĨĂĐŽŶĐĞŶƚƌĂƟŽŶͲƌĞƐƉŽŶƐĞ











ƉĂƟĞŶƚƐ ŝŶ ĐĂƐĞŽĨŵŽǆŝŇŽǆĂĐŝŶ͕ďĞĐĂƵƐĞ ĐŽŶĐĞŶƚƌĂƟŽŶƐĂƚϮϰŚǁĞƌĞďĞůŽǁ
ƚŚĞůŝŵŝƚŽĨƋƵĂŶƟĮĐĂƟŽŶ͘ƐƟŵĂƟŽŶŽĨƚŚĞϮϰŚ ďĂƐĞĚŽŶƚŚĞůĂƐƚŵĞĂƐƵƌĂďůĞ
ĐŽŶĐĞŶƚƌĂƟŽŶ ĂŶĚ ƚŚĞ ĞůŝŵŝŶĂƟŽŶ ƌĂƚĞ ĐŽŶƐƚĂŶƚ ;ĞǆƚƌĂƉŽůĂƟŽŶͿ ǁĂƐ ŶŽƚ
ƉŽƐƐŝďůĞ ŝŶ ƚŚĞƐĞƉĂƟĞŶƚƐĞŝƚŚĞƌ͕  ďĞĐĂƵƐĞ ƚŚĞĞůŝŵŝŶĂƟŽŶ ƌĂƚĞ ĐŽƵůĚŶŽƚďĞ
ĂƐƐĞƐƐĞĚƌĞůŝĂďůǇǁŝƚŚƐĂŵƉůŝŶŐĂƚϮ͕ϰĂŶĚϲŚĂŌĞƌĚŽƐĞ͘
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ŽŶƐĞƋƵĞŶƚůǇ͕  ƚŚĞŵĞĂƐƵƌĞ ĨŽƌ ƚŽƚĂů ƌŝĨĂŵƉŝĐŝŶĞǆƉŽƐƵƌĞǁĂƐhϬͲϲŚ ;ŶсϱϮͿ
ĂŶĚĨŽƌŵŽǆŝŇŽǆĂĐŝŶhϬͲϮϰŚ ;ŶсϮϰͿ͘ƌƵŐĞǆƉŽƐƵƌĞ ŝŶ^&ǁĂƐĞƐƟŵĂƚĞĚĂƐ
ƚŚĞŚŝŐŚĞƐƚĐŽŶĐĞŶƚƌĂƟŽŶŵĞĂƐƵƌĞĚ ŝŶ ƚŚĞ ŝŶƚĞƌǀĂůƐŽĨϯʹϲŚĂŶĚϲʹϵŚĂŌĞƌ




ŵŐͬ>Ϳ͘ &ŽƌŵŽǆŝŇŽǆĂĐŝŶ͕ŵĞĚŝĂŶ ĐŽŶĐĞŶƚƌĂƟŽŶ Ăƚ ƚŚĞĮƌƐƚ ůƵŵďĂƌ ƉƵŶĐƚƵƌĞ
ǁĂƐϭ͘ϵϱŵŐͬ>;ƌĂŶŐĞϬ͘ϲϲͲϰ͘ϵϭŵŐͬ>Ϳ͘&ŽƌƚŚĞƐĞĐŽŶĚůƵŵďĂƌƉƵŶĐƚƵƌĞƚŚŝƐ
ǁĂƐϭ͘ϮϴŵŐͬ>;ƌĂŶŐĞϬ͘ϬͲϰ͘ϯŵŐͬ>Ϳ͘
ZŝĨĂŵƉŝĐŝŶhϬͲϲŚ ĐŽƌƌĞůĂƚĞĚƐŝŐŶŝĮĐĂŶƚůǇǁŝƚŚƉůĂƐŵĂŵĂǆ ;^ƉĞĂƌŵĂŶ Ɛ͛ ƌŚŽ͕
Ϭ͘ϵϳϴ͖ƉфϬ͘ϬϬϭͿ͕ĂƐĚŝĚƉůĂƐŵĂŵĂǆ ǁŝƚŚŚŝŐŚĞƐƚ ŝŶ^&;^ƉĞĂƌŵĂŶ Ɛ͛ƌŚŽ͕Ϭ͘ϲϵϯ͖
ƉфϬ͘ϬϬϭͿ͘^ŝŵŝůĂƌĐŽƌƌĞůĂƟŽŶƐǁĞƌĞĨŽƵŶĚĨŽƌŵŽǆŝŇŽǆĂĐŝŶhϬͲϮϰŚ ĂŶĚƉůĂƐŵĂ
CŵĂǆ ;^ƉĞĂƌŵĂŶ Ɛ͛ ƌŚŽ͕ Ϭ͘ϴϭϲ͖ ƉфϬ͘ϬϬϭͿ ĂŶĚ ƉůĂƐŵĂ ŵĂǆ ǁŝƚŚ ŚŝŐŚĞƐƚ ŝŶ ^&
;^ƉĞĂƌŵĂŶ Ɛ͛ ƌŚŽ͕ Ϭ͘ϱϴϬ͖ ƉфϬ͘ϬϬϭͿ͘ ZŝĨĂŵƉŝĐŝŶhϬͲϲŚ ĐŽƌƌĞůĂƚĞĚ ƐŝŐŶŝĮĐĂŶƚůǇ
ǁŝƚŚŚŝŐŚĞƐƚŝŶ^&;^ƉĞĂƌŵĂŶ Ɛ͛ƌŚŽ͕Ϭ͘ϳϮϬ͖ƉфϬ͘ϬϬϭͿ͕ĂƐĚŝĚŵŽǆŝŇŽǆĂĐŝŶhϬͲϮϰŚ
ǁŝƚŚŚŝŐŚĞƐƚŝŶ^&;^ƉĞĂƌŵĂŶ Ɛ͛ƌŚŽ͕Ϭ͘ϲϲϲ͖ƉфϬ͘ϬϬϭͿ͘dŚĞƌĂƟŽƌŝĨĂŵƉŝĐŝŶŚŝŐŚĞƐƚ
^&ͬŵĂǆƉůĂƐŵĂƐƚĂǇĞĚ ƌĞůĂƟǀĞůǇ ĐŽŶƐƚĂŶƚǁŝƚŚ ŝŶĐƌĞĂƐŝŶŐĐŽŶĐĞŶƚƌĂƟŽŶƐŽĨ
CŵĂǆ ŝŶƉůĂƐŵĂ ;^ƉĞĂƌŵĂŶ Ɛ͛ ƌŚŽ͕ ͲϬ͘Ϭϳϯ͖ƉсϬ͘ϲϮͿ ;Figure 1aͿ͘ /Ŷ ĐŽŶƚƌĂƐƚ͕ ƚŚĞ
ƌĂƟŽŵŽǆŝŇŽǆĂĐŝŶŚŝŐŚĞƐƚ^&ͬŵĂǆ ƉůĂƐŵĂĚĞĐƌĞĂƐĞĚǁŝƚŚŚŝŐŚĞƌƉůĂƐŵĂŵĂǆ
;^ƉĞĂƌŵĂŶ Ɛ͛ƌŚŽ͕ͲϬ͘ϯϮϲ͖ƉсϬ͘ϬϳͿ;Figure 2.1bͿ͘





ĚĞĐƌĞĂƐĞ ǁŝƚŚ ĞǀĞƌǇ ŚŝŐŚĞƌ ĞǆƉŽƐƵƌĞ ĐĂƚĞŐŽƌǇ͘ DŽƌƚĂůŝƚǇ ƵŶƟů Ɛŝǆ ŵŽŶƚŚƐ
ƐŚŽǁƐĂƐŝŵŝůĂƌďƵƚŶŽƚƐŝŐŶŝĮĐĂŶƚƚƌĞŶĚ;ƉсϬ͘ϭϲͿ͘^ŝŵŝůĂƌƚƌĞŶĚƐǁĞƌĞĨŽƵŶĚ
ĨŽƌ ƌŝĨĂŵƉŝĐŝŶŵĂǆ ŝŶƉůĂƐŵĂĂŶĚŚŝŐŚĞƐƚ ŝŶ^& ;Table 2.2Ϳ͕ǁŚŝůĞĚŝīĞƌĞŶĐĞƐ
ŝŶŵŽǆŝŇŽǆĂĐŝŶĞǆƉŽƐƵƌĞ;Table 2.1 and 2.2ͿĚŝĚŶŽƚƐŚŽǁƐƵĐŚĂĐůĞĂƌƚƌĞŶĚ͘
&ƵƌƚŚĞƌŵŽƌĞ͕ĨƌŽŵ Table 2.1 and 2.2 ŝƚƐĞĞŵƐƚŚĂƚƉĂƟĞŶƚƐǁŝƚŚůŽǁƌŝĨĂŵƉŝĐŝŶ
ĞǆƉŽƐƵƌĞƐǁĞƌĞŵŽƌĞ ůŝŬĞůǇƚŽďĞŵĂůĞ͕ĂƌĞ,/sͲƉŽƐŝƟǀĞ͕ĂŶĚŚĂǀĞ ůŽǁ'^͘
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,ŽǁĞǀĞƌ͕  ǁŚĞŶ ĐŽŵƉĂƌŝŶŐ ƚŽƚĂů ĞǆƉŽƐƵƌĞ ďĞƚǁĞĞŶŵĂůĞƐ ǀƐ͘ ĨĞŵĂůĞƐ͕ ,/sͲ
ƉŽƐŝƟǀĞ ǀƐ͘ ,/sͲŶĞŐĂƟǀĞ ĂŶĚ ĚĞĐƌĞĂƐĞĚ '^ ;фϭϱͿ ǀƐ ŶŽ ĚĞĐƌĞĂƐĞĚ '^͕
ĚŝīĞƌĞŶĐĞƐǁĞƌĞŶŽƚƐƚĂƟƐƟĐĂůůǇƐŝŐŶŝĮĐĂŶƚ͘DĂůĞƐŚĂĚĂŐĞŽŵĞƚƌŝĐŵĞĂŶƚŽƚĂů
ƌŝĨĂŵƉŝĐŝŶĞǆƉŽƐƵƌĞ;hϬͲϲŚͿŽĨϯϴ͘ϬŵŐͬ>͘ŚĂŶĚĨĞŵĂůĞƐϱϱ͘ϰŵŐͬ>͘Ś;ƉсϬ͘ϬϵͿ͘






Figure 2.1 ZĂƟŽŚŝŐŚĞƐƚ ^&ͬŵĂǆ ƉůĂƐŵĂƉůŽƩĞĚĂŐĂŝŶƐƚŵĂǆƉůĂƐŵĂĨŽƌƌŝĨĂŵƉŝĐŝŶ;ĂͿ
ĂŶĚĨŽƌŵŽǆŝŇŽǆĂĐŝŶ;ďͿ͘
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ĂĚŵŝŶŝƐƚƌĂƟŽŶ͕ ĐŽŵƉĂƌĞĚ ƚŽ ƚŚĞ ƐƵƌǀŝǀŝŶŐ ƉĂƟĞŶƚƐ ŝŶ ƚŚĞ ƐĂŵĞ ƉĞƌŝŽĚ͘ dŚĞ









Correlating exposure with outcome 
Table 2.3 ƐŚŽǁƐ ƚŚĞ ƌĞƐƵůƚƐŽĨ ƚŚĞŵƵůƟǀĂƌŝĂďůĞŽǆ ƌĞŐƌĞƐƐŝŽŶĂŶĂůǇƐĞƐ͘ /Ŷ
ƚŚĞƐĞ ĂŶĂůǇƐĞƐ͕ ƚŚĞ ĞīĞĐƚ ŽĨ ĞǆƉŽƐƵƌĞǁĂƐ ĐŽƌƌĞĐƚĞĚ ĨŽƌ,/sͲƐƚĂƚƵƐ͕ '^ Ăƚ
ŝŶŝƟĂƟŽŶŽĨƚƌĞĂƚŵĞŶƚĂŶĚƌŝĨĂŵƉŝĐŝŶĚŽƐĞ;ŝŶĐĂƐĞŽĨŵŽǆŝŇŽǆĂĐŝŶĞǆƉŽƐƵƌĞ
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Figure 2.2 DĞĚŝĂŶ h͕ ŵĂǆ plasma and CŚŝŐŚĞƐƚ ^& ƌĞĐŽƌĚĞĚ ŝŶ ƚŚĞ ĮƌƐƚ ϯ ĚĂǇƐ
ŽĨ ĚƌƵŐ ĂĚŵŝŶŝƐƚƌĂƟŽŶ ĂĐĐŽƌĚŝŶŐ ƚŽ ƚƌĞĂƚŵĞŶƚ ŽƵƚĐŽŵĞ ;ĚĞĂƚŚ ͬ ƐƵƌǀŝǀĂůͿ
ĚƵƌŝŶŐ ĨŽƵƌƚĞĞŶ ĚĂǇƐ ĂŶĚ Ɛŝǆ ŵŽŶƚŚƐ ŽĨ ƚƌĞĂƚŵĞŶƚ͘ /ŶƚĞŶƐŝĮĞĚ ƚƌĞĂƚŵĞŶƚ ǁĂƐ
ĂĚŵŝŶŝƐƚĞƌĞĚĚƵƌŝŶŐƚŚĞĮƌƐƚĨŽƵƌƚĞĞŶĚĂǇƐ͕ĂŌĞƌǁĂƌĚƐĂůůƉĂƟĞŶƚƐƌĞĐĞŝǀĞĚƐƚĂŶĚĂƌĚ
ƚƌĞĂƚŵĞŶƚ͘ WŚĂƌŵĂĐŽŬŝŶĞƟĐ ƐĂŵƉůŝŶŐ ǁĂƐ ƉĞƌĨŽƌŵĞĚ ŝŶ ƚŚĞ ĮƌƐƚ ƚŚƌĞĞ ĚĂǇƐ ŽĨ
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ďĞŶĞĮƚ͘dŚĞƉƌŽƉŽƐĞĚ ƚŚƌĞƐŚŽůĚ ĨŽƌ ƌŝĨĂŵƉŝĐŝŶhϬͲϲŚǁĂƐ ƚƌĂŶƐůĂƚĞĚ ŝŶƚŽĂ
ƚŚƌĞƐŚŽůĚĞǆƉƌĞƐƐĞĚĂƐhϬͲϮϰŚ͕ďĂƐĞĚŽŶĂůŝŶĞĂƌƌĞŐƌĞƐƐŝŽŶĂŶĂůǇƐĞƐĂŵŽŶŐ





ŵŐͬ>͕ϭϳƉĞƌƐŽŶƐĚŝĞĚ ;ϰϯйͿĂŶĚŽĨ ƚŚĞϭϮƉĂƟĞŶƚƐĂďŽǀĞ ƚŚĞ ƚŚƌĞƐŚŽůĚ͕ϭ
ƉĂƟĞŶƚĚŝĞĚ;ϴйͿ͕ƌĞƐƵůƟŶŐŝŶĂZZŽĨϬ͘Ϯ;ϵϱй/Ϭ͘ϬϯͲϭ͘ϯϮͿ͘
Discussion
WƌĞǀŝŽƵƐůǇ ǁĞ ĚĞƐĐƌŝďĞĚ ƚŚĂƚ Ă ŚŝŐŚĞƌ ĚŽƐĞ ŽĨ ƌŝĨĂŵƉŝĐŝŶ ŝ͘ǀ͘  ƌĞƐƵůƚĞĚ ŝŶ Ă








ŝŶƚĞŶƐŝĮĞĚ ƚƌĞĂƚŵĞŶƚ ĨŽƌdŵĞŶŝŶŐŝƟƐ ŝŶ ƐĞƫŶŐƐǁŚĞƌĞ ŝƚ ŝƐŵŽƐƚŶĞĞĚĞĚ͕
ĂůƚŚŽƵŐŚŝƚŝƐƵŶŬŶŽǁŶƚŽǁŚĂƚĞǆƚĞŶƚŝ͘ǀ͘ ƚƌĞĂƚŵĞŶƚĐŽŶƚƌŝďƵƚĞƐƚŽƌĞƐƉŽŶƐĞ
ŝŶ ƚŚĞƐĞ ĐƌŝƟĐĂůůǇ ŝůů ƉĂƟĞŶƚƐ͘ ^ĞĐŽŶĚůǇ͕  ƚĂƌŐĞƚ ĞǆƉŽƐƵƌĞ ǀĂůƵĞƐ ĐĂŶ ŚĞůƉ ƚŽ
ĚĞƐŝŐŶƉŚĂƌŵĂĐŽŬŝŶĞƟĐĂůůǇͲŽƉƟŵŝǌĞĚĚŽƐŝŶŐ ƌĞŐŝŵĞŶƐ ŝŶŽƚŚĞƌƉŽƉƵůĂƟŽŶƐ͕
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ƌŝĨĂŵƉŝĐŝŶŵĂǆ ;хϴŵŐͬ>ŽƌϴͲϮϰŵŐͬ>Ϳ ƌĞƉƌĞƐĞŶƚƐ ƚŚĞ ͚ŶŽƌŵĂů͛ ;ƉŽƉƵůĂƟŽŶͿ
ĐŽŶĐĞŶƚƌĂƟŽŶƌĂŶŐĞƚŚĂƚĐĂŶďĞĞǆƉĞĐƚĞĚŝŶĂĚƵůƚƐĂĚŵŝŶŝƐƚĞƌĞĚǁŝƚŚƐƚĂŶĚĂƌĚ
ĚŽƐĞƐŽĨdĚƌƵŐƐ͘dŚƵƐ͕ ƚŚŝƐ ƌĂŶŐĞĚŽĞƐŶŽƚ ƌĞƉƌĞƐĞŶƚĂĐůŝŶŝĐĂůůǇǀĂůŝĚĂƚĞĚ
ƚŚƌĞƐŚŽůĚǀĂůƵĞ͘
/ŵƉŽƌƚĂŶƚůǇ͕ ƚŚĞĐŽŶĐĞŶƚƌĂƟŽŶͲƌĞƐƉŽŶƐĞĞǀĂůƵĂƟŽŶ;Figure 2.3ͿƐŚŽǁƐƐŽŵĞ






























ŵĂǇĂůƐŽĞǆĂŵŝŶĞĂ ůŽŶŐĞƌĚƵƌĂƟŽŶŽĨ ŝŶƚĞŶƐŝĮĞĚĂŶƟďŝŽƟĐƚƌĞĂƚŵĞŶƚ͕ĂƐ ŝƚ
ĂƉƉĞĂƌĞĚƚŚĂƚƚŚĞĚŝīĞƌĞŶƟĂůĞīĞĐƚŽĨƌŝĨĂŵƉŝĐŝŶŵĂŝŶůǇŽĐĐƵƌƌĞĚĚƵƌŝŶŐƚŚĞ




these ĐŽŶĐĞŶƚƌĂƟŽŶͲƌĞƐƉŽŶƐĞ ĐƵƌǀĞƐ͕ ĐůĂƐƐĞƐ ŽĨ ϮϬ ŵŐͬ>͘Ś ĨŽƌ hϬͲϲŚ and 




/Ŷ ƚŚŝƐ ƐƚƵĚǇ͕  ŵŽǆŝŇŽǆĂĐŝŶ ĚŝĚ ŶŽƚ ĂƉƉĞĂƌ ƚŽ ŚĂǀĞ Ă ƐŝŐŶŝĮĐĂŶƚ ĞīĞĐƚ ŽŶ
ŵŽƌƚĂůŝƚǇ͕ ĚĞƐƉŝƚĞƚŚĞĨĂĐƚƚŚĂƚŵŽǆŝŇŽǆĂĐŝŶŚĂƐƚŚĞďĞƐƚŝŶǀŝƚƌŽĂĐƟǀŝƚǇĂŐĂŝŶƐƚ
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ǁĞůů ĂƐ Ăƚ Ă ŚŝŐŚĞƌ ĚŽƐĞ ŽĨ ϴϬϬŵŐ ĚĂŝůǇ ƚŽ ŽǀĞƌĐŽŵĞ ƚŚĞ ŝŶƚĞƌĂĐƟŽŶǁŝƚŚ
ƌŝĨĂŵƉŝĐŝŶ͘KŶĞĞǆƉůĂŶĂƟŽŶŵĂǇďĞ ƚŚĂƚ ƚŚĞďĂĐƚĞƌŝĂů ŐƌŽǁƚŚ ƌĂƚĞ ŝŶ^& ŝƐ
ůŽǁ͕ŚŝŶĚĞƌŝŶŐƚŚĞƐƚĞƌŝůŝǌĂƟŽŶŽĨ^& ŝŶǀŝǀŽĂƐĐŽŵƉĂƌĞĚƚŽŬŝůůŝŶŐďĂĐƚĞƌŝĂ
ŝŶǀŝƚƌŽ͘ϱϭ&ƵƌƚŚĞƌŵŽƌĞ͕ŝŶƚŚŝƐƐƚƵĚǇƚŚĞƌĞǁĂƐŶŽŝŶĚŝĐĂƟŽŶĨŽƌĂŶhͲƐŚĂƉĞĚ




ǀĂůƵĞƐ ĨŽƌDǇĐŽďĂĐƚĞƌŝƵŵ ƚƵďĞƌĐƵůŽƐŝƐ ǁĞƌĞ ŶŽƚ ĚĞƚĞƌŵŝŶĞĚ ĨŽƌ ƌŝĨĂŵƉŝĐŝŶ
ĂŶĚŵŽǆŝŇŽǆĂĐŝŶ͘ƐĂƌĞƐƵůƚ͕ĂůƚŚŽƵŐŚĚƌƵŐƌĞƐŝƐƚĂŶĐĞǁĂƐĞǆĐůƵĚĞĚ͕ǁĞǁĞƌĞ
ƵŶĂďůĞƚŽĐĂůĐƵůĂƚĞhͬD/͕ŵĂǆͬD/ĂŶĚŚŝŐŚĞƐƚͬD/ƌĂƟŽƐ͘/ŶůŝƚĞƌĂƚƵƌĞ͕D/Ɛ
ĨŽƌ ƌŝĨĂŵƉŝĐŝŶ ŚĂǀĞďĞĞŶĚĞƐĐƌŝďĞĚ ƌĂŶŐŝŶŐ ĨƌŽŵϬ͘ϬϲͲϭŵŐͬ>ϱϮ ĂŶĚ ƌĂŶŐŝŶŐ
ĨƌŽŵϬ͘ϮͲϬ͘ϰ͘ϱϯZŝĨĂŵƉŝĐŝŶŚŝŐŚĞƐƚ ;ƌĂŶŐĞϬ͘ϭϯͲϮ͘ϮϴŵŐͬ>ͿŵĞĂƐƵƌĞĚŝŶ^&ĐĂŶ












ĐĂŶ ĂŝĚ ŝŶ ƚŚĞ ĚĞƐŝŐŶ ŽĨ ƉŚĂƌŵĂĐŽŬŝŶĞƟĐĂůůǇͲŽƉƟŵŝǌĞĚ ĚŽƐŝŶŐ ƌĞŐŝŵĞŶƐ ĨŽƌ
dŵĞŶŝŶŐŝƟƐƵƐŝŶŐŽƌĂů;ƌĂƚŚĞƌƚŚĂŶŝ͘ǀ͘ ͿĂĚŵŝŶŝƐƚƌĂƟŽŶŽĨĚƌƵŐƐĂŶĚĂƉƉůǇŝŶŐ




dŚŝƐ ǁŽƌŬ ǁĂƐ ƐƵƉƉŽƌƚĞĚ ďǇ ƚŚĞ ZŽǇĂů EĞƚŚĞƌůĂŶĚƐ ĐĂĚĞŵǇ ŽĨ ƌƚƐ ĂŶĚ
^ĐŝĞŶĐĞƐ͕ƚŚĞEĞƚŚĞƌůĂŶĚƐKƌŐĂŶŝǌĂƟŽŶĨŽƌ^ĐŝĞŶƟĮĐZĞƐĞĂƌĐŚ;ƐƵƉƉŽƌƟŶŐZǀ
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dŚŝƐ ƐƚƵĚǇ ǁĂƐ ĂƉƉƌŽǀĞĚ ďǇ ƚŚĞ ƚŚŝĐĂů ZĞǀŝĞǁ ŽĂƌĚ ŽĨ ,ĂƐĂŶ ^ĂĚŝŬŝŶ
,ŽƐƉŝƚĂůͬDĞĚŝĐĂů &ĂĐƵůƚǇ ŽĨ hŶŝǀĞƌƐŝƚĂƐ WĂĚũĂĚũĂƌĂŶ ;ĂŶĚƵŶŐ͕ /ŶĚŽŶĞƐŝĂͿ͘
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sǇĐŬĞzƵŶŝǀŝƚĂΎ͕^ŽĮĂƟ ŝĂŶΎ͕ŚŵĂĚZŝǌĂů'ĂŶŝĞŵ͕ůĂ,ĂǇĂƟ͕ dƌŝ ,ĂŶŐŐŽŶŽ
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safety/tolerability study of higher oral and 
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ĐŽŵƉĂƌĞĚ ǁŝƚŚ ŝ͘ǀ͘  ƌŝĨĂŵƉŝĐŝŶ͘ dŚŝƌƚǇ ĂĚƵůƚƐ /ŶĚŽŶĞƐŝĂŶ dD ƉĂƟĞŶƚƐ ǁĞƌĞ
ƌĂŶĚŽŵŝƐĞĚƚŽ ƌŝĨĂŵƉŝĐŝŶϳϱϬŵŐ ;ĐĂ͘ϭϳŵŐͬŬŐͿŽƌĂůůǇ͕ ϵϬϬŵŐ ;ĐĂ͘ϮϬŵŐͬ
ŬŐͿŽƌĂůůǇŽƌϲϬϬŵŐ;ĐĂ͘ϭϯŵŐͬŬŐ͕ĂƐƵƐĞĚƉƌĞǀŝŽƵƐůǇͿ ŝ͘ǀ͘ ŽǀĞƌϭ͘ϱŚĨŽƌϭϰ
























ǁŝƚŚ ƚƵďĞƌĐƵůŽƵƐ ŵĞŶŝŶŐŝƟƐ ;dDͿ ĚŝĞ͕ ŵŽƐƚůǇ ǁŝƚŚŝŶ ƚŚĞ ĮƌƐƚ Ϯ ǁĞĞŬƐ
ĂŌĞƌ ƉƌĞƐĞŶƚĂƟŽŶ ŽĨ ƚŚĞ ĚŝƐĞĂƐĞ͕ ĂŶĚ ƚŚĞ ƌĞŵĂŝŶĚĞƌ ŽŌĞŶ ĞŶĚƐ ƵƉ ǁŝƚŚ
ŶĞƵƌŽůŽŐŝĐĂůƐĞƋƵĞůĂĞ͘ϯϯ͕ϯϰdƌĞĂƚŵĞŶƚŽĨdDĨŽůůŽǁƐƚŚĞŵŽĚĞůŽĨƐŚŽƌƚͲĐŽƵƌƐĞ
ĐŚĞŵŽƚŚĞƌĂƉǇ ŝŶ ƉƵůŵŽŶĂƌǇ d ƉĂƟĞŶƚƐ͕ ǁŝƚŚ ŝŶƚĞŶƐŝǀĞ ĂŶĚ ĐŽŶƟŶƵĂƟŽŶ
ƉŚĂƐĞƐ ŽĨ ƚƌĞĂƚŵĞŶƚ͕ ĂŶĚ ƵƐĞƐ ƚŚĞ ƐĂŵĞ d ĚƌƵŐƐ ĂŶĚ ĚŽƐŝŶŐ ŐƵŝĚĞůŝŶĞƐ͘
,ŽǁĞǀĞƌ͕ ƚŚĞƐŝƚĞŽĨŝŶĨĞĐƟŽŶŝŶdDŝƐŚĂƌĚƚŽƌĞĂĐŚĨŽƌŵĂŶǇĚƌƵŐƐďĞĐĂƵƐĞ
ƚŚĞǇŚĂǀĞƚŽƉĞŶĞƚƌĂƚĞƚŚƌŽƵŐŚƚŚĞďůŽŽĚʹďƌĂŝŶĂŶĚďůŽŽĚʹĐĞƌĞďƌŽƐƉŝŶĂůŇƵŝĚ
;^&Ϳ ďĂƌƌŝĞƌƐ͘ϱϱ /Ŷ ĨĂĐƚ͕ ƌŝĨĂŵƉŝĐŝŶ ĂƐ Ă ƉŝǀŽƚĂů ĂŶƟͲƚƵďĞƌĐƵůŽƵƐ ĚƌƵŐ ƐŚŽǁƐ
ŽŶůǇůŝŵŝƚĞĚƉĞŶĞƚƌĂƟŽŶŝŶƚŽƚŚĞ^&͘ ϭϮ
tĞŚǇƉŽƚŚĞƐŝƐĞĚƚŚĂƚĂŚŝŐŚĞƌĚŽƐĞŽĨƌŝĨĂŵƉŝĐŝŶĐŽƵůĚŝŶĐƌĞĂƐĞĞǆƉŽƐƵƌĞƚŽ












hŶĨŽƌƚƵŶĂƚĞůǇ͕  ƚŚĞ ŝ͘ǀ͘  ĨŽƌŵƵůĂƟŽŶ ŽĨ ƌŝĨĂŵƉŝĐŝŶ ŝƐ ŶŽƚ ǁŝĚĞůǇ ĂǀĂŝůĂďůĞ͕
ĞƐƉĞĐŝĂůůǇŝŶůŽǁͲŽƌŵŝĚĚůĞͲŝŶĐŽŵĞĐŽƵŶƚƌŝĞƐ͘/ŶĂĚĚŝƟŽŶ͕ŝƚƐĐŽƐƚŝƐƌĞůĂƟǀĞůǇ




ĞǆƉŽƐƵƌĞƐĨŽůůŽǁŝŶŐϲϬϬŵŐ;ĐĂ͘ϭϯŵŐͬŬŐͿ ŝ͘ǀ͘  ŝŶdDƉĂƟĞŶƚƐĂƐǁĞůůĂƐƚŽ
ĂƐƐĞƐƐƚŚĞƐĂĨĞƚǇĂŶĚƚŽůĞƌĂďŝůŝƚǇŽĨƚŚĞƐĞƌĞŐŝŵĞŶƐ͘
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^ƵďũĞĐƚƐǁĞƌĞ ĞǆĐůƵĚĞĚ ŝĨ ƚŚĞǇ ŚĂĚ ďĞĞŶ ƚƌĞĂƚĞĚ ĨŽƌ d ĨŽƌ шϯ ĚĂǇƐ ďĞĨŽƌĞ









ǁĂƐŽďƚĂŝŶĞĚ ĨƌŽŵĂůů ƐƵďũĞĐƚƐ Žƌ ĨƌŽŵ ƚŚĞŝƌ ƌĞƉƌĞƐĞŶƚĂƟǀĞƐ ŝĨ ƚŚĞ ƐƵďũĞĐƚƐ
ǁĞƌĞŝŶĐĂƉĂĐŝƚĂƚĞĚ͘
Study design
dŚŝƐ ǁĂƐ ĂŶ ĞǆƉůŽƌĂƟǀĞ͕ ŽƉĞŶͲůĂďĞů͕ ƌĂŶĚŽŵŝƐĞĚ͕ ƚŚƌĞĞͲĂƌŵ͕ ƚǁŽ ƉĞƌŝŽĚ
ƉŚĂƌŵĂĐŽŬŝŶĞƟĐ ;W<Ϳ ĂŶĚ ƐĂĨĞƚǇͬƚŽůĞƌĂďŝůŝƚǇ ƐƚƵĚǇ͘ dŚŝƌƚǇ ƐƵďũĞĐƚƐ ǁĞƌĞ
ƌĂŶĚŽŵŝƐĞĚ ƚŽ ƚŚƌĞĞ ŐƌŽƵƉƐ ŽĨ ƐƵďũĞĐƚƐ ǁŚŽ ƌĞĐĞŝǀĞĚ ĮǆĞĚ ĚĂŝůǇ ĚŽƐĞƐ ŽĨ
ƌŝĨĂŵƉŝĐŝŶϳϱϬŵŐ;ĐĂ͘ϭϳŵŐͬŬŐͿŽƌĂůůǇ͕ ϵϬϬŵŐ;ĐĂ͘ϮϬŵŐͬŬŐͿŽƌĂůůǇŽƌϲϬϬŵŐ
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dŚĞ ĚŽƐĞ ŽĨ ϳϱϬŵŐ ;ĐĂ͘ ϭϳŵŐͬŬŐͿ ǁĂƐ ĞƐƟŵĂƚĞĚ ƚŽ ƉƌŽǀŝĚĞ ƐŝŵŝůĂƌ ƚŽƚĂů
ĞǆƉŽƐƵƌĞƐŝŶƉůĂƐŵĂĐŽŵƉĂƌĞĚǁŝƚŚϲϬϬŵŐŝ͘ǀ͘ ďĂƐĞĚŽŶĂǀĂŝůĂďůĞĚĂƚĂŽŶƚŚĞ
ƉŚĂƌŵĂĐŽŬŝŶĞƟĐƐ ŽĨ ŽƌĂůůǇ ĂĚŵŝŶŝƐƚĞƌĞĚ ƌŝĨĂŵƉŝĐŝŶ ŝŶ /ŶĚŽŶĞƐŝĂŶ ƉĂƟĞŶƚƐ͕ϰϲ
ƚŚĞ ďŝŽĂǀĂŝůĂďŝůŝƚǇ ŽĨ ƌŝĨĂŵƉŝĐŝŶ ŝŶ /ŶĚŽŶĞƐŝĂŶ ƉĂƟĞŶƚƐϱϳ ĂŶĚ ƚŚĞ ŶŽŶͲůŝŶĞĂƌ






ĂŶĚ ǁĞƌĞ ĨŽƌŵƵůĂƚĞĚ ŝŶ ƐĞƉĂƌĂƚĞ ƚĂďůĞƚƐ͘ ŝŽĞƋƵŝǀĂůĞŶĐĞ ŽĨ ƚŚĞ ƌŝĨĂŵƉŝĐŝŶ
ƚĂďůĞƚƐĂŶĚĂŶŝŶƚĞƌŶĂƟŽŶĂůƌĞĨĞƌĞŶĐĞƐƚĂŶĚĂƌĚǁĞƌĞĞƐƚĂďůŝƐŚĞĚƉƌĞǀŝŽƵƐůǇ͘ϱϵ
ůů ƚĂďůĞƚƐǁĞƌĞ ƚĂŬĞŶ ŽŶĐĞ ĚĂŝůǇ ŽŶ ĂŶ ĞŵƉƚǇ ƐƚŽŵĂĐŚ ĂŶĚ ƵŶĚĞƌ ĚŝƌĞĐƚůǇ
ŽďƐĞƌǀĞĚƚƌĞĂƚŵĞŶƚ͘&ŽƌƵŶĐŽŶƐĐŝŽƵƐƐƵďũĞĐƚƐ͕ĚƌƵŐƐǁĞƌĞĚŝƐƐŽůǀĞĚŝŶϯϬŵ>
ŽĨƉůĂŝŶǁĂƚĞƌ ŝŶĂ ĐůŽƐĞĚƐǇƌŝŶŐĞĂŶĚǁĞƌĞĚĞůŝǀĞƌĞĚ ƚŚƌŽƵŐŚĂŶĂƐŽŐĂƐƚƌŝĐ
ƚƵďĞ͘dŚĞƚƵďĞǁĂƐŇƵƐŚĞĚƚǁŽƟŵĞƐǁŝƚŚϭϬŵ>ŽĨǁĂƚĞƌ͘ 
&Žƌ ŝ͘ǀ͘  ƵƐĞ͕ ϲϬϬ ŵŐ ŽĨ ƌŝĨĂŵƉŝĐŝŶ ;ZŝĨĂĚŝŶΠ͖ ^ĂŶŽĮͲǀĞŶƟƐ͕ 'ŽƵĚĂ͕ dŚĞ
EĞƚŚĞƌůĂŶĚƐͿǁĂƐĚŝƐƐŽůǀĞĚŝŶϭϬŵ>ŽĨĚŝƐƟůůĞĚǁĂƚĞƌĂŶĚǁĂƐĨƵƌƚŚĞƌĚŝůƵƚĞĚ
ŝŶϮϱϬŵ>ŽĨŶŽƌŵĂůƐĂůŝŶĞϬ͘ϵй͕ǁŚŝĐŚǁĂƐƚŚĞŶĂĚŵŝŶŝƐƚĞƌĞĚŽǀĞƌϭ͘ϱŚ͘





ĂƐ ŝŶ ŽƵƌ ƉƌĞǀŝŽƵƐ ƐƚƵĚǇ͕  ĐŽŶƐŝĚĞƌŝŶŐ ƚŚĂƚ ƚŚĞƐĞ ĮƌƐƚ ĚĂǇƐ ŽĨ ƚƌĞĂƚŵĞŶƚ ĂƌĞ
ƉŝǀŽƚĂů ĨŽƌ ƚƌĞĂƚŵĞŶƚ ƐƵĐĐĞƐƐ͘ϭϭ ^ĞƌŝĂů ǀĞŶŽƵƐďůŽŽĚ ƐĂŵƉůĞƐǁĞƌĞ ĐŽůůĞĐƚĞĚ
ũƵƐƚďĞĨŽƌĞĂŶĚĂƚϭ͕Ϯ͕ϰ͕ϴĂŶĚϭϮŚĂŌĞƌĂĚŵŝŶŝƐƚƌĂƟŽŶŽĨƚŚĞŽƌĂůĚŽƐĞŽƌ
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46 Chapter  3







Bioanalyses and pharmacokinetic analyses
ŶĂůǇƐĞƐ ŽĨ ƌŝĨĂŵƉŝĐŝŶ ĐŽŶĐĞŶƚƌĂƟŽŶƐ ŝŶ ƉůĂƐŵĂ ĂŶĚ ^&ǁĂƐ ƉĞƌĨŽƌŵĞĚ Ăƚ







W< ƉĂƌĂŵĞƚĞƌƐ ĨŽƌ ƌŝĨĂŵƉŝĐŝŶ ŝŶ ƉůĂƐŵĂǁĞƌĞ ĂƐƐĞƐƐĞĚ ƵƐŝŶŐ ƐƚĂŶĚĂƌĚ ŶŽŶͲ
ĐŽŵƉĂƌƚŵĞŶƚĂů ŵĞƚŚŽĚƐ ŝŶ WŚŽĞŶŝǆ tŝŶEŽŶůŝŶ ǀ͘ ϲ͘ϯ ;ĞƌƚĂƌĂ h^ /ŶĐ͕͘
WƌŝŶĐĞƚŽŶ͕E:ͿĂƐĚĞƐĐƌŝďĞĚƉƌĞǀŝŽƵƐůǇ͘ϰϲ͕ϱϳ
Safety/tolerability










ǀ͘ ϰ͘Ϭ ;ŚƩƉ͗ͬͬĐƚĞƉ͘ĐĂŶĐĞƌ͘ ŐŽǀͬƉƌŽƚŽĐŽůĞǀĞůŽƉŵĞŶƚͬĞůĞĐƚƌŽŶŝĐͺĂƉƉůŝĐĂƟŽŶƐͬ











ƌĂŶĚŽŵŝƐĂƟŽŶ͕ ǁŚŝĐŚ ŵĂŝŶƚĂŝŶƐ ĐŽŵƉůĞƚĞ ƌĂŶĚŽŵŶĞƐƐ ŽĨ ƚŚĞ ĂƐƐŝŐŶŵĞŶƚ
ŽĨĞĂĐŚƐŝŶŐůĞ ƐƵďũĞĐƚ ƚŽĂƉĂƌƟĐƵůĂƌŐƌŽƵƉ͘ZĂŶĚŽŵŝƐĂƟŽŶǁĂƐďĂƐĞĚŽŶĂ
ƐŝŶŐůĞ ƐĞƋƵĞŶĐĞ ŽĨ ĐŽŵƉƵƚĞƌͲŐĞŶĞƌĂƚĞĚ ƌĂŶĚŽŵ ĂƐƐŝŐŶŵĞŶƚƐ͕ ŚĞůĚ ďǇ ĂŶ
ŝŶĚĞƉĞŶĚĞŶƚƉĞƌƐŽŶ͘ĚŝƐĂĚǀĂŶƚĂŐĞŽĨ ƐŝŵƉůĞ ƌĂŶĚŽŵŝƐĂƟŽŶ ŝƐ ƚŚĂƚ ŝƚŵĂǇ
ƌĞƐƵůƚ ŝŶ ĂŶƵŶĞƋƵĂůŶƵŵďĞƌŽĨƉĂƌƟĐŝƉĂŶƚƐ ĂŵŽŶŐŐƌŽƵƉƐ͕ǁŚŝĐŚŽĐĐƵƌƌĞĚ
ŝŶƚŚŝƐƐƚƵĚǇ͕ ďƵƚƚŚŝƐǁĂƐƉƌĞĨĞƌƌĞĚĂďŽǀĞďůŽĐŬƌĂŶĚŽŵŝƐĂƟŽŶǁŝƚŚƌŝƐŬĨŽƌ
ƉƌĞĚŝĐƚĂďůĞĂůůŽĐĂƟŽŶĂŶĚƐĞůĞĐƟŽŶďŝĂƐŝŶƚŚŝƐŽƉĞŶͲůĂďĞůƐƚƵĚǇ͘
WĂƟĞŶƚ ĐŚĂƌĂĐƚĞƌŝƐƟĐƐ͕ W< ƉĂƌĂŵĞƚĞƌƐ ĂŶĚ ƐĂĨĞƚǇͬƚŽůĞƌĂďŝůŝƚǇ ĚĂƚĂ ǁĞƌĞ
ƉƌĞƐĞŶƚĞĚĚĞƐĐƌŝƉƟǀĞůǇ͘/ŶĚŝǀŝĚƵĂůƌŝĨĂŵƉŝĐŝŶĂƌĞĂƵŶĚĞƌƚŚĞƟŵĞʹĐŽŶĐĞŶƚƌĂƟŽŶ

















ŝŶƉůĂƐŵĂ;hϬʹϮϰ ĂŶĚ ŵĂǆͿĂŶĚŝŶ^&͕ ĨŽůůŽǁĞĚďǇŵƵůƟƉůĞůŝŶĞĂƌƌĞŐƌĞƐƐŝŽŶ
ĂŶĂůǇƐĞƐ ŽŶ ůŽŐͲƚƌĂŶƐĨŽƌŵĞĚ hϬʹϮϰ͕ ŵĂǆ ĂŶĚ ^& ĐŽŶĐĞŶƚƌĂƟŽŶ ǀĂůƵĞƐ͘ ůů
ƐƚĂƟƐƟĐĂů ĂŶĂůǇƐĞƐ ǁĞƌĞ ƉĞƌĨŽƌŵĞĚ ǁŝƚŚ /D ^W^^ ^ƚĂƟƐƟĐƐ ĨŽƌ tŝŶĚŽǁƐ
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ŽŵĂ ^ĐĂůĞ ;'^Ϳ фϭϰ΁͘ dD ǁĂƐ ĐƵůƚƵƌĞͲĐŽŶĮƌŵĞĚ ŝŶ ϰ ƉĂƟĞŶƚƐ ;ϭϯйͿ͘
ĐĐŽƌĚŝŶŐ ƚŽ ƚŚĞĐůŝŶŝĐĂů ƐĐŽƌŝŶŐƐǇƐƚĞŵ͕ϭϭ ;ϯϳйͿŽĨ ƚŚĞ ƌĞŵĂŝŶŝŶŐƉĂƟĞŶƚƐ
ŚĂĚƉƌŽďĂďůĞdDĂŶĚϭϱ;ϱϬйͿŚĂĚƉŽƐƐŝďůĞdD͘ĂĐƚĞƌŝĂůĂŶĚĐƌǇƉƚŽĐŽĐĐĂů
ŵĞŶŝŶŐŝƟĚĞƐǁĞƌĞĞǆĐůƵĚĞĚŝŶĂůůƉĂƟĞŶƚƐ͘
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,ŽǁĞǀĞƌ͕  ŐĞŽŵĞƚƌŝĐ ŵĞĂŶ ŵĂǆ ǀĂůƵĞƐ ǁĞƌĞ ĐůĞĂƌůǇ ŚŝŐŚĞƌ ĨŽůůŽǁŝŶŐ ŝ͘ǀ͘ 
ĂĚŵŝŶŝƐƚƌĂƟŽŶ ŽĨ ƌŝĨĂŵƉŝĐŝŶ ŽǀĞƌ ϭ͘ϱ Ś ĐŽŵƉĂƌĞĚ ǁŝƚŚ ŽƌĂů ĂĚŵŝŶŝƐƚƌĂƟŽŶ͘
KŶĞͲǁĂǇ EKs ŝŶĚĞĞĚ ƐŚŽǁĞĚ Ă ĚŝīĞƌĞŶĐĞ ŝŶ ƉůĂƐŵĂ ŵĂǆ ;& с ϰ͘ϱϱ͕ W с
Ϭ͘ϬϮϭͿďĞƚǁĞĞŶƚŚĞƚŚƌĞĞƐƚƵĚǇŐƌŽƵƉƐĂƚƚŚĞĮƌƐƚW<ĂƐƐĞƐƐŵĞŶƚ;Table 2.2Ϳ͘

























;Table 3.2Ϳ͘ ^& ĐŽŶĐĞŶƚƌĂƟŽŶƐ ĐŽƌƌĞůĂƚĞĚ ǁŝƚŚ hϬʹϮϰ ;^ƉĞĂƌŵĂŶ Ɛ͛ ƌŚŽ с
Ϭ͘ϲϵϭ͖WфϬ͘ϬϬϭͿĂŶĚŵĂǆ ;^ƉĞĂƌŵĂŶ Ɛ͛ƌŚŽсϬ͘ϱϬϰ͖WсϬ͘ϬϭͿǀĂůƵĞƐĂĐŚŝĞǀĞĚŝŶ
ƉůĂƐŵĂ͘EŽŶĞŽĨƚŚĞƉŽƐƐŝďůĞƉƌĞĚŝĐƚŽƌƐǁĂƐƐŝŐŶŝĮĐĂŶƚůǇƌĞůĂƚĞĚƚŽĞǆƉŽƐƵƌĞ
ƚŽ ƌŝĨĂŵƉŝĐŝŶ ŝŶƉůĂƐŵĂŽƌ^&͕  ŝŶĐůƵĚŝŶŐƵƐĞŽĨĂŶĂƐŽŐĂƐƚƌŝĐ ƚƵďĞŽƌDZ
ŐƌĂĚĞ͘^ĐĂƩĞƌƉůŽƚƐƌĞǀĞĂůĞĚŶŽƌĞůĂƟŽŶƐŚŝƉďĞƚǁĞĞŶĞǆƉŽƐƵƌĞƚŽƌŝĨĂŵƉŝĐŝŶ
ŝŶ^&ŽŶƚŚĞŽŶĞŚĂŶĚĂŶĚ^&ͬďůŽŽĚŐůƵĐŽƐĞƌĂƟŽŽŶŝŶĐůƵƐŝŽŶ͕^&ůĞƵŬŽĐǇƚĞ
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3
Pharmacokinetics of rifampicin ≥9 days after start of treatment
&ƌŽŵƚŚĞϮϴƉĂƟĞŶƚƐǁŝƚŚǀĂůŝĚƌĞƐƵůƚƐĨŽƌƚŚĞĮƌƐƚW<ĂƐƐĞƐƐŵĞŶƚ͕ϮƉĂƟĞŶƚƐ
ĚŝĞĚďĞĨŽƌĞƚŚĞƐĞĐŽŶĚW<ĂƐƐĞƐƐŵĞŶƚ͕ϮƉĂƟĞŶƚƐƌĞĨƵƐĞĚĨƵƌƚŚĞƌW<ƐĂŵƉůŝŶŐ
ĂŶĚϭ ƐĂŵƉůĞ ƐĞƚǁĂƐ ƌĞũĞĐƚĞĚ͕ ůĞĂǀŝŶŐϮϯƉĂƟĞŶƚƐĂǀĂŝůĂďůĞ ĨŽƌ ƚŚĞ ƐĞĐŽŶĚ
W<ĂŶĂůǇƐĞƐ͘ŐĂŝŶ͕ ƚŚĞ ŐĞŽŵĞƚƌŝĐŵĞĂŶƉůĂƐŵĂhϬʹϮϰ ǀĂůƵĞƐ ŝŶ ƚŚĞ ƚŚƌĞĞ
ŐƌŽƵƉƐǁĞƌĞĐŽŵƉĂƌĂďůĞ͕ĂŶĚĂůĂƌŐĞŝŶƚĞƌŝŶĚŝǀŝĚƵĂůǀĂƌŝĂďŝůŝƚǇŝŶhϬʹϮϰĂŶĚ
CŵĂǆǀĂůƵĞƐǁĂƐŽďƐĞƌǀĞĚ;Table 3.2; Figure 3.2Ϳ͘
ŽŵƉĂƌŝƐŽŶŽĨhϬʹϮϰ ǀĂůƵĞƐŽĨŽƌĂůůǇĂĚŵŝŶŝƐƚĞƌĞĚƌŝĨĂŵƉŝĐŝŶ ;ϳϱϬŵŐĂŶĚ
ϵϬϬŵŐĚŽƐĞƐ ĐŽŵďŝŶĞĚͿ Ăƚ ƚŚĞĮƌƐƚ ĂŶĚ ƐĞĐŽŶĚW<ĂƐƐĞƐƐŵĞŶƚƐ ƐŚŽǁĞĚĂ
ƐŝŐŶŝĮĐĂŶƚĚĞĐƌĞĂƐĞŝŶƚŽƚĂůĞǆƉŽƐƵƌĞ;ŐĞŽŵĞƚƌŝĐŵĞĂŶϭϰϲ͘ϯŵŐͼŚͬ>ǀƐ͘ϭϬϬ͘ϲ
ŵŐͼŚͬ>͖WсϬ͘ϬϬϵ͕ƉĂŝƌĞĚƚͲƚĞƐƚŽŶůŽŐͲƚƌĂŶƐĨŽƌŵĞĚĚĂƚĂͿ͕ĂŶĚƚŚĞƐĂŵĞĂƉƉůŝĞĚ
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Discussion


















dŚĞ ůŝŵŝƚĞĚ^&ƉĞŶĞƚƌĂƟŽŶŽĨ ƌŝĨĂŵƉŝĐŝŶŵĂǇďĞĚƵĞ ƚŽĞŋƵǆƉƵŵƉƐĂƚ ƚŚĞ
ďůŽŽĚʹďƌĂŝŶĂŶĚďůŽŽĚʹ^&ďĂƌƌŝĞƌƐƚŚĂƚƌĞƐƚƌŝĐƚĞŶƚƌǇŽĨĚƌƵŐƐƚŽƚŚĞĐĞŶƚƌĂů
ŶĞƌǀŽƵƐ ƐǇƐƚĞŵ͘ϱϱ ^ƵĐŚ ĞŋƵǆ ƉƵŵƉƐ ŵĂǇ ďĞ ƐĂƚƵƌĂďůĞ͕ ǁŚŝĐŚ ŝŵƉůŝĞƐ ƚŚĂƚ
ƚĞŵƉŽƌĂƌǇ ĞŶŚĂŶĐĞĚ ƉĞŶĞƚƌĂƟŽŶ ŽĨ ƌŝĨĂŵƉŝĐŝŶ ĂĐƌŽƐƐ ƚŚĞ ďĂƌƌŝĞƌƐ ŵĂǇ ŽŶůǇ
ŽĐĐƵƌĂƚƚŚĞŚŝŐŚĞƌ;ŵĂǆͿĐŽŶĐĞŶƚƌĂƟŽŶƐŽĨƚŚĞĚƌƵŐ͘
ǀĂůƵĂƟŽŶŽĨ ŝŶĚŝǀŝĚƵĂůƌĂƚŚĞƌƚŚĂŶĂǀĞƌĂŐĞĞǆƉŽƐƵƌĞƐƚŽƌŝĨĂŵƉŝĐŝŶƐŚŽǁĞĚ
Ă ŚŝŐŚ ŝŶƚĞƌŝŶĚŝǀŝĚƵĂů ǀĂƌŝĂďŝůŝƚǇ ŝŶ ĞǆƉŽƐƵƌĞ ďŽƚŚ ĨŽůůŽǁŝŶŐ ŽƌĂů ĂŶĚ ŝ͘ǀ͘ 
ĂĚŵŝŶŝƐƚƌĂƟŽŶƐŽĨ ƚŚĞĚƌƵŐ͘dŚĞ ůĂƩĞƌƐƵŐŐĞƐƚƐ ƚŚĂƚƉƌĞͲƐǇƐƚĞŵŝĐŵĞƚĂďŽůŝĐ
ĂŶĚƚƌĂŶƐƉŽƌƚƌŽƵƚĞƐ;ŝĨƉƌĞƐĞŶƚĨŽƌƌŝĨĂŵƉŝĐŝŶͿƉůĂǇĂŵŝŶŽƌƌŽůĞŝŶĚĞƚĞƌŵŝŶŝŶŐ
ĞǀĞŶƚƵĂůĞǆƉŽƐƵƌĞƚŽƚŚĞĚƌƵŐ͘/ŶĂůůƚŚƌĞĞƐƚƵĚǇĂƌŵƐ͕ƚŚĞŵĂũŽƌŝƚǇŽĨƉĂƟĞŶƚƐ
ŚĂĚhϬʹϮϰ ǀĂůƵĞƐ ĂďŽǀĞ Ă ƚĂƌŐĞƚ ǀĂůƵĞ ŽĨ ϭϭϲŵŐͼŚͬ> ĨŽƌ ƚŚĞ ĮƌƐƚ ĚĂǇƐ ŽĨ
ƚƌĞĂƚŵĞŶƚ͕ϮϱďƵƚŚŝŐŚĞƌĂǀĞƌĂŐĞĞǆƉŽƐƵƌĞƐŵĂǇĐůĞĂƌůǇďĞŶĞĞĚĞĚ͘/ŶĐŽŶƚƌĂƐƚ͕
ƚĂƌŐĞƚ ĂƩĂŝŶŵĞŶƚ ĨŽƌ ŵĂǆ ;ϮϮ ŵŐͬ>ϮϱͿ ĂƉƉĞĂƌĞĚ ƚŽ ďĞ ŚŝŐŚĞƌ ĨŽůůŽǁŝŶŐ ŝ͘ǀ͘ 
ĂĚŵŝŶŝƐƚƌĂƟŽŶŽĨϲϬϬŵŐŽĨƌŝĨĂŵƉŝĐŝŶ͘
ŌĞƌϭϬĚĂǇƐŽĨ ƚƌĞĂƚŵĞŶƚ͕ ŐĞŽŵĞƚƌŝĐŵĞĂŶhϬʹϮϰ ǀĂůƵĞƐ ŝŶĂůů ƚŚƌĞĞ ƐƚƵĚǇ
ŐƌŽƵƉƐǁĞƌĞŵƵĐŚůŽǁĞƌĐŽŵƉĂƌĞĚǁŝƚŚƚŚĞƐƚĂƌƚŽĨƚƌĞĂƚŵĞŶƚǁŝƚŚƌŝĨĂŵƉŝĐŝŶ









ŽŵƉĂƌŝƐŽŶ ǁŝƚŚ ƉƌĞǀŝŽƵƐ ƐƚĞĂĚǇͲƐƚĂƚĞ ĚĂƚĂ ĨƌŽŵ /ŶĚŽŶĞƐŝĂŶ ƉĂƟĞŶƚƐ ǁŝƚŚ
ƉƵůŵŽŶĂƌǇ dŽŶ ƐƚĂŶĚĂƌĚ ϰϱϬŵŐ ;ϭϬŵŐͬŬŐͿ ƌŝĨĂŵƉŝĐŝŶ ŽƌĂůůǇ ƐŚŽǁĞĚ ƚŚĂƚ
ĂĚŵŝŶŝƐƚƌĂƟŽŶ ŽĨ ϳϱϬŵŐ ĂŶĚ ϵϬϬŵŐ ŽĨ ƌŝĨĂŵƉŝĐŝŶ ƌĞƐƵůƚĞĚ ŝŶŵƵĐŚ ŚŝŐŚĞƌ
ĞǆƉŽƐƵƌĞƐ ŝŶ ƉůĂƐŵĂ ;Table 2.2Ϳ͘ϰϲ ǀĞŶ ŚŝŐŚĞƌ ĚŽƐĞƐ ŽĨ ƌŝĨĂŵƉŝĐŝŶ ƵƉ ƚŽ ϯϱ














;ϮϮͬϮϱ ƉĂƟĞŶƚƐ ĂŶĚ ϭϮͬϭϵ ƉĂƟĞŶƚƐ ŝŶ ƚŚĞ ƚǁŽ W< ĂƐƐĞƐƐŵĞŶƚƐ͕ ƌĞƐƉĞĐƟǀĞůǇͿ
ŚĂĚŵĞĂƐƵƌĂďůĞƌŝĨĂŵƉŝĐŝŶĐŽŶĐĞŶƚƌĂƟŽŶƐŝŶ^&͕ ŝ͘Ğ͘ŵƵĐŚŵŽƌĞƚŚĂŶƉĂƟĞŶƚƐ
ŽŶ ƐƚĂŶĚĂƌĚͲĚŽƐĞ ŽƌĂů ƌŝĨĂŵƉŝĐŝŶ ŝŶ ŽƵƌ ƉƌĞǀŝŽƵƐ ƐƚƵĚǇ ;ϵͬϮϱ ƉĂƟĞŶƚƐϭϭͿ͘
/ŵƉŽƌƚĂŶƚůǇ͕ ^&ĐŽŶĐĞŶƚƌĂƟŽŶƐĐŽƌƌĞůĂƚĞĚǁŝƚŚƉůĂƐŵĂhϬʹϮϰ ĂŶĚŵĂǆ ĚƵƌŝŶŐ
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Figure 3.1a Figure 3.1b
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ĐŽŶĐĞŶƚƌĂƟŽŶƐ ƌĞŵĂŝŶ ŚŝŐŚĞƌ ǁŝƚŚ ŝ͘ǀ͘  ĂĚŵŝŶŝƐƚƌĂƟŽŶ͘ ƵƚŽŝŶĚƵĐƟŽŶ ĐĂƵƐĞĚ Ă
ƐƵďƐƚĂŶƟĂůĚĞĐƌĞĂƐĞŝŶĞǆƉŽƐƵƌĞƚŽƌŝĨĂŵƉŝĐŝŶĂŶĚƚŚĞƌĞǁĂƐůĂƌŐĞŝŶƚĞƌŝŶĚŝǀŝĚƵĂů
ǀĂƌŝĂďŝůŝƚǇ ŝŶĞǆƉŽƐƵƌĞ͘ŚŝŐŚ ŝŶĐŝĚĞŶĐĞ ŝŶ ƚƌĂŶƐŝĞŶƚ ůŝǀĞƌ ĨƵŶĐƟŽŶĚŝƐƚƵƌďĂŶĐĞƐ
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A double-blinded randomised placebo-
controlled phase II trial to evaluate high dose 
rifampicin for tuberculous meningitis: A dose
ﬁnding study
^ŽĮĂƟ ŝĂŶ͕ sǇĐŬĞ zƵŶŝǀŝƚĂ͕ ŚŵĂĚ ZŝǌĂů 'ĂŶŝĞŵ͕ dŝĂƌĂ WƌĂŵĂĞƐǇĂ͕ >ŝĚǇĂ
ŚĂŝĚŝƌ͕ <ƵƌŶŝĂtĂŚǇƵĚŝ͕ dƌŝ,ĂŶŐŐŽŶŽĐŚŵĂĚ͕ ŶŐĞůĂŽůďĞƌƐ͕>ŝŶĚƐĞǇƚŚĞ
ƌĂŬĞ͕ZĞŝŶŽƵƚǀĂŶƌĞǀĞů͕ ZŽǀŝŶĂ ZƵƐůĂŵŝ͕ ZŽď ĂƌŶŽƵƚƐĞ
ŶƟŵŝĐƌŽďŝĂůŐĞŶƚƐĂŶĚŚĞŵŽƚŚĞƌĂƉǇ;/ŶWƌĞƐƐͿ
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Abstract
Background
,ŝŐŚ ĚŽƐĞƐ ŽĨ ƌŝĨĂŵƉŝĐŝŶ ŵĂǇ ŚĞůƉ ƚƵďĞƌĐƵůŽƵƐ ŵĞŶŝŶŐŝƟƐ ;dDͿ ƉĂƟĞŶƚƐ 







ĨŽƌ ϯϬ ĚĂǇƐ͘ ŶĚƉŽŝŶƚƐ ŝŶĐůƵĚĞĚ ƉŚĂƌŵĂĐŽŬŝŶĞƟĐ ŵĞĂƐƵƌĞƐ͕ ĂĚǀĞƌƐĞ ĞǀĞŶƚƐ 
ĂŶĚƐƵƌǀŝǀĂů͘
Results
ĚŽƵďůĞĂŶĚƚƌŝƉůĞĚŽƐĞŽĨŽƌĂů ƌŝĨĂŵƉŝĐŝŶ ůĞĚ ƚŽ ƚŚƌĞĞĂŶĚ ĮǀĞͲĨŽůĚŚŝŐŚĞƌ 







dƌŝƉůŝŶŐ ƚŚĞ ƐƚĂŶĚĂƌĚĚŽƐĞĐĂƵƐĞĚĂ ůĂƌŐĞ ŝŶĐƌĞĂƐĞ ŝŶ ƌŝĨĂŵƉŝĐŝŶ ĞǆƉŽƐƵƌĞ ŝŶ 
ƉůĂƐŵĂĂŶĚ^&ĂŶĚǁĂƐƐĂĨĞ͘^ƵƌǀŝǀĂůďĞŶĞĮƚǁŝƚŚƚŚŝƐĚŽƐĞƐŚŽƵůĚŶŽǁďĞ 
ĞǀĂůƵĂƚĞĚŝŶĂůĂƌŐĞƌƉŚĂƐĞ///ĐůŝŶŝĐĂůƚƌŝĂů͘
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ƐŝŶŐůĞ ŝŶĨĞĐƟŽƵƐ ĚŝƐĞĂƐĞ ŬŝůůĞƌ͘ 1/Ŷ ƚƵƌŶ͕ƚƵďĞƌĐƵůŽƵƐ ŵĞŶŝŶŐŝƟƐ ;dDͿ ŝƐ ƚŚĞ
ŵŽƐƚĚĞǀĂƐƚĂƟŶŐĨŽƌŵŽĨd͘/ƚŽĐĐƵƌƐŝŶϭͲϲйŽĨƉĂƟĞŶƚƐǁŝƚŚd͕6,7 ůĞĂĚŝŶŐ
ƚŽĚĞĂƚŚŽƌŶĞƵƌŽůŽŐŝĐĂůĚŝƐĂďŝůŝƚǇŝŶŵŽƌĞƚŚĂŶϯϬйŽĨĂīĞĐƚĞĚƉĂƟĞŶƚƐ͘4,6,65


























ŽƚŚ ŽƵƌ ĮƌƐƚ ĂŶĚ ƐĞĐŽŶĚ ĐůŝŶŝĐĂů ƚƌŝĂů ĐĂůůĞĚ ĨŽƌ ƚŚĞ ĞǀĂůƵĂƟŽŶ ŽĨ ĚŽƐĞƐ ŽĨ
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dD ǁĂƐ ĐůĂƐƐŝĮĞĚ ĂƐ ͚ĚĞĮŶŝƚĞ͛ ;ŵŝĐƌŽďŝŽůŽŐŝĐĂůůǇ ƉƌŽǀĞŶͿ ŝĨ ĞŝƚŚĞƌ ^&
ŵŝĐƌŽƐĐŽƉǇ ĨŽƌ ĂĐŝĚͲĨĂƐƚ ďĂĐŝůůŝ͕DǇĐŽďĂĐƚĞƌŝƵŵ ƚƵďĞƌĐƵůŽƐŝƐ ĐƵůƚƵƌĞ͕ Žƌ WZ








ĂŶƟŐĞŶ ƚĞƐƟŶŐͿ͕ D͘ ƚƵďĞƌĐƵůŽƐŝƐ ;ŝĞŚůͲEĞĞůƐĞŶ ŵŝĐƌŽƐĐŽƉǇ͕  ĐƵůƚƵƌĞ͕ ĂŶĚ
'ĞŶĞyƉĞƌƚΠͿ68͕ĂŶĚďĂĐƚĞƌŝĂůƉĂƚŚŽŐĞŶƐ;'ƌĂŵƐƚĂŝŶŝŶŐͿ͘dŚĞŶĞƵƌŽůŽŐŝĐĂůƐƚĂƚƵƐ




tƌŝƩĞŶ ŝŶĨŽƌŵĞĚ ĐŽŶƐĞŶƚ ƚŽ ƉĂƌƟĐŝƉĂƚĞ ŝŶ ƚŚĞ ƚƌŝĂů ǁĂƐ ŽďƚĂŝŶĞĚ ĨƌŽŵ Ăůů
ƉĂƟĞŶƚƐ Žƌ ĨƌŽŵ ƚŚĞŝƌ ƌĞůĂƟǀĞƐ ŝĨ ƚŚĞ ƉĂƟĞŶƚ ĐŽƵůĚ ŶŽƚ ƉƌŽǀŝĚĞ ŝŶĨŽƌŵĞĚ








dŚĞ ŽǀĞƌĂůů Ăŝŵ ŽĨ ƚŚŝƐ ƐƚƵĚǇ ǁĂƐ ƚŽ ĮŶĚ ĂŶĚ ƐƵďƐƚĂŶƟĂƚĞ ƚŚĞ ĚŽƐĞ ŽĨ
ƌŝĨĂŵƉŝĐŝŶƚŽďĞƐƚƵĚŝĞĚŝŶĂůĂƌŐĞƌĨŽůůŽǁͲƵƉƚƌŝĂů͕ďĂƐĞĚŽŶƉŚĂƌŵĂĐŽŬŝŶĞƟĐ͕

















ƐƵďƐĞƋƵĞŶƚĚĂŝůǇ ĚŽƐĞƐŽĨ ƌŝĨĂŵƉŝĐŝŶ ;ϰϱϬŵŐͿ ĂŶĚ ŝƐŽŶŝĂǌŝĚ ;ϯϬϬŵŐͿ ĨŽƌ Ă
ŵŝŶŝŵƵŵ ŽĨ ĨŽƵƌ ŵŽŶƚŚƐ͘ ƵƌŝŶŐ ŚŽƐƉŝƚĂůŝƐĂƟŽŶ ŝŶ ƚŚĞ ĮƌƐƚ ĨŽƵƌ ǁĞĞŬƐ ŽĨ
ƚƌĞĂƚŵĞŶƚ͕ĂĚŚĞƌĞŶĐĞƚŽƚŚĞƚƌĞĂƚŵĞŶƚǁĂƐƐĞĐƵƌĞĚďǇĨĂĐŝůŝƚǇͲďĂƐĞĚŝƌĞĐƚůǇ
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ZŝĨĂŵƉŝĐŝŶ ϰϱϬ ŵŐ ;ĂĐƟǀĞͿ ƚĂďůĞƚƐ ĂŶĚ ŵĂƚĐŚŝŶŐ ƉůĂĐĞďŽ ƚĂďůĞƚƐ ǁĞƌĞ
ŵĂŶƵĨĂĐƚƵƌĞĚĂƚWd<ŝŵŝĂ&ĂƌŵĂ͕ĂŶĚƵŶŐ͕ /ŶĚŽŶĞƐŝĂ͘ dŚĞ ƐƚƵĚǇĚƌƵŐƐĂŶĚ
ŽƚŚĞƌƐƚĂŶĚĂƌĚdƚƌĞĂƚŵĞŶƚƐǁĞƌĞĂĚŵŝŶŝƐƚĞƌĞĚŽŶĂŶĞŵƉƚǇƐƚŽŵĂĐŚ͘&Žƌ
































ƉƌŽďĂďůǇ ƌĞůĂƚĞĚ ƚŽ ƚŚĞŝƌ ƚƌĞĂƚŵĞŶƚ ;ŚĂĞŵĂƚŽůŽŐŝĐĂů͕ ŐĂƐƚƌŽŝŶƚĞƐƟŶĂů ĂŶĚ
ƐŬŝŶ ĚŝƐŽƌĚĞƌƐͿ͘ ůů ŽƚŚĞƌ ĂĚǀĞƌƐĞ ĞǀĞŶƚƐ ;Ğ͘Ő͘ ŶĞǁ ŶĞƵƌŽůŽŐŝĐĂů ĞǀĞŶƚƐ ĂŶĚ




















WĂƟĞŶƚ ĐŚĂƌĂĐƚĞƌŝƐƟĐƐ͕ ƌŝĨĂŵƉŝĐŝŶ W< ƉĂƌĂŵĞƚĞƌƐ͕ ĂĚǀĞƌƐĞ ĞǀĞŶƚƐ ǁĞƌĞ
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ď dDǁĂƐ ĐůĂƐƐŝĮĞĚ ĂƐ ͚ĚĞĮŶŝƚĞ͛ ;ŵŝĐƌŽďŝŽůŽŐŝĐĂůůǇ ƉƌŽǀĞŶͿ ŝĨ ĞŝƚŚĞƌ ^&ŵŝĐƌŽƐĐŽƉǇ
ĨŽƌĂĐŝĚͲĨĂƐƚďĂĐŝůůŝ͕DǇĐŽďĂĐƚĞƌŝƵŵƚƵďĞƌĐƵůŽƐŝƐ ĐƵůƚƵƌĞ͕ŽƌWZƌĞƐƵůƚƐǁĞƌĞƉŽƐŝƟǀĞ͘





ĞǆĐůƵĚĞĚ ĂƐ ƚŚĞǇ ĂƌĞ ĐŽŶƐŝĚĞƌĞĚ ĂƐ ƉĂĞĚŝĂƚƌŝĐ d ƉĂƟĞŶƚƐ ĂĐĐŽƌĚŝŶŐ ƚŽ ƚŚĞDŝŶŝƐƚƌǇ
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Table 4.1 Patients’ characteristics










Sex, male (%) 12 (60) 8 (40) 12 (60) 0.343 
Age (median [IQR]) 28 [22.3-45.8] 29 [21.3-38.3] 33 [24.3-37.3] 0.976 
Body weight (median [IQR]) 45 [40-47.3] 45 [38.5-50.5] 48.4 [41.6-54.7] 0.491 
BMI (median [IQR]) 17.6 [15.4-19] 18.2 [16-20.4] 19.1 [16.2-20.2] 0.396 
Temperature (median [IQR]) 37.2 [36.5-38.2] 38 [37.2-38.2] 37.6 [37-38] 0.162 
Chief complaint, lowered consciousness (%) 17 (85) 16 (80%) 18 (90) 0.594 
   Headache 19 (33.3%) 19 (33.3) 19 (33.3) 0.558 
   Neck stiffness (%) 20 (100) 19 (95) 15 (75) 0.401 
   Cranial nerve palsy (%) 15 (75) 15 (75) 17 (85) 0.614 
   Motoric abnormality (%) 11 (55) 12 (60) 13 (65) 0.642 
TBM grade (%) 0.663 
    1 0 (0.0) 1 (5.0) 0 (0) 
    2 18 (90.0) 18 (90.0) 18 (90) 
          3 2 (10.0) 1 (5.0) 2 (10) 
HIV, positive (%) 1 (5.0) 1 (5.0) 4 (20) 0.261 
GCS (median [IQR]) 13 [12-14] 12.5[11.3—13.8] 13 [11.3-13.8] 0.877 
Chest X-ray, TB (%) 13 (86.7) 12 (85.7) 12 (85.7) 0.752 
^&ůĞƵŬŽĐǇƚĞƐďĂƐĞůŝŶĞ;ĐĞůůƐͬђůͿ;ŵĞĚŝĂŶ΀/YZ΁Ϳ 188 [60.5-413.8] 245 [98.8-698.8] 240 [128.3-482.5] 0.528 
^&WDEďĂƐĞůŝŶĞ;ĐĞůůƐͬђůͿ;ŵĞĚŝĂŶ΀/YZ΁Ϳ 30 [18-46] 29 [13.3-67] 41 [21.3-65.3] 0.625 
^&DEďĂƐĞůŝŶĞ;ĐĞůůƐͬђůͿ;ŵĞĚŝĂŶ΀/YZ΁Ϳ 70 [54-82] 71 [33-86.8] 59 [34.8-78.8] 0.580 
CSF protein baseline (mg/dl) (median [IQR]) 257 [172.7-372.3] 216.5 [158.8-428] 169 [116.5-230.8] 0.057 
CSF/Blood glucose ratio baseline (median [IQR]) 0.17 [0.09-0.26] 0.2 [0.12-0.21] 0.2 [0.1-0.3] 0.303 
Bacteriologically confirmed TBM (%) 14 (70) 14 (70) 15 (75) 0.921 
       Culture positive (%) 13 (65) 13 (65) 14 (70) 0.928 
        ZN staining positive (%) 8 (40) 4 (20) 6 (30) 0.386 
        GenXpert positive (%) 9 (45) 8 (40) 10 (50) 0.582 
Drug administration through NGT on PK I (%) 10 (58.8) 12 (60.0) 13 (65) 0.917 
Drug administration through NGT on PK II (%) 1 (6.7) 3 (21.4) 5 (26.3) 0.33 
Isoniazid dose in mg/kg (median [IQR]) 6.7 [6.4-.7.5] 6.7 [6-7.9] 6.2 [5.5-7.2] 0.308 
Pyrazinamide dose in mg/kg (median [IQR]) 33.7 [33.3-37.5] 33.3 [31.6-39.5] 31.06 [27.4-36] 0.203 
Ethambutol dose in mg/kg (median [IQR]) 16.8 [16.7-20.1] 16.7 [15-21.1] 15.5 [14-18.5] 0.244 
Rifampicin dose in mg/kg (median [IQR]) 10 [9.5-11.3] 20 [17.8-23.4] 28 [24.7-32.4] 0.000 
Abbreviations and explanation: TB= Tuberculosis; IQR= Interquartile Range; BMI= Body Mass Index; TBM=tuberculous 
meningitis; HIV= Human Immunodeficiency Virus; GCS=Glasgow Coma Scale; CSF= cerebrospinal fluid; ZN=Ziehl-Neelsen; NGT= 
nasogastric tube; PK= pharmacokinetic(s); PMN=polymorphonuclear cells; MN= mononuclear cells; mg=milligram; kg=kilogram. 
a <ƌƵƐŬĂůůtĂůůŝƐƚĞƐƚŽŶĐŽŶƚŝŶƵŽƵƐǀĂƌŝĂďůĞƐ͘dŚĞʖϮƚĞƐƚǁĂƐ used to compare the proportion of categorical variables.
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ƉĂƟĞŶƚƐ ŝŶƚŚĞƐƚƵĚǇ;Ŷсϲ͕ table 4.1ͿĚŝĚŶŽƚƵƐĞĂŶƟƌĞƚƌŽǀŝƌĂů ƚƌĞĂƚŵĞŶƚĂƚ
ƚŚĞƐƚĂƌƚŽĨƚŚĞƐƚƵĚǇ͘dŚĞǇŚĂĚƚŽďĞƐƚĂƌƚĞĚŽŶĂŶƟƌĞƚƌŽǀŝƌĂůƚƌĞĂƚŵĞŶƚĂŌĞƌ
ƚǁŽŵŽŶƚŚƐŽĨdDƚƌĞĂƚŵĞŶƚĂŶĚĨŽƵƌƉĂƟĞŶƚƐƌĞĂĐŚĞĚƚŚŝƐƐƚĂŐĞ͘ϲϲ͕ϳϮ dŚŝƐ











ĚǀĞƌƐĞ ĞǀĞŶƚƐ ĚƵƌŝŶŐ ƚŚĞ ϯϬ ĚĂǇƐ ĂŌĞƌ ƐƚĂƌƚ ŽĨ ƐƚƵĚǇ ĚƌƵŐƐ ǁĞƌĞ ĞƋƵĂůůǇ
ĚŝƐƚƌŝďƵƚĞĚ ŽǀĞƌ ƚŚĞ ŐƌŽƵƉƐ ;Table 4.3Ϳ͘ dŚĞ ŵĂũŽƌŝƚǇ ŽĨ ĂĚǀĞƌƐĞ ĞǀĞŶƚƐ
ǁĂƐŵŝůĚ͘,ĞƉĂƚŽƚŽǆŝĐŝƚǇǁĂƐ ƚŚĞŵŽƐƚ ĐŽŵŵŽŶ ŐƌĂĚĞ ϯ ĂĚǀĞƌƐĞ ĞǀĞŶƚ͘ ůů

















ŵŽƌƚĂůŝƚǇ͕ ĂƐĚĞƌŝǀĞĚĨƌŽŵŽƵƌĮƌƐƚĐůŝŶŝĐĂů ƚƌŝĂů11 ;Table 4.2Ϳ͘dǁŽŽƵƚŽĨ ƚŚĞ
ϲϬƉĂƟĞŶƚƐǁĞƌĞǁŝƚŚĚƌĂǁŶĨƌŽŵƚŚĞƐƚƵĚǇŽŶĚĂǇϮ͕ďĂƐĞĚŽŶƚŚĞĐůŝŶŝĐŝĂŶ͛Ɛ
ĐŽŶƐŝĚĞƌĂƟŽŶ͘KŶĞ ƉĂƟĞŶƚ ǁĂƐ ǁŝƚŚĚƌĂǁŶ ďĞĐĂƵƐĞ ŽĨ ƐƵĚĚĞŶ ĂŶĚ ƌĂƉŝĚ
ĚĞƚĞƌŝŽƌĂƟŽŶ ;ϯϬŵŐͬŬŐͿ ĂƐ ŝƚǁĂƐ ĐŽŶƐŝĚĞƌĞĚƵŶĞƚŚŝĐĂů ƚŽ ƉĞƌĨŽƌŵŵƵůƟƉůĞ
ďůŽŽĚŽƌ^&ƐĂŵƉůŝŶŐŝŶƚŚŝƐƉĂƟĞŶƚ͘dŚĞŽƚŚĞƌƉĂƟĞŶƚǁĂƐǁŝƚŚĚƌĂǁŶĂŌĞƌ
ƌŝĨĂŵƉŝĐŝŶ ƌĞƐŝƐƚĂŶĐĞǁĂƐ ŝĚĞŶƟĮĞĚďǇ'ĞŶĞyƉĞƌƚΠ ;ϮϬŵŐͬŬŐŐƌŽƵƉͿ͕ǁŚŝĐŚ
ĂůůŽǁĞĚ ƚŚĞ ŝŶǀĞƐƟŐĂƚŽƌ ƚŽ ǁŝƚŚĚƌĂǁ ƚŚĞ ƉĂƟĞŶƚ ĂĐĐŽƌĚŝŶŐ ƚŽ ƚŚĞ ƐƚƵĚǇ
ƉƌŽƚŽĐŽů͖ƌĞƐŝƐƚĂŶĐĞƚŽƌŝĨĂŵƉŝĐŝŶǁĂƐŶŽƚĂŶĞǆĐůƵƐŝŽŶĐƌŝƚĞƌŝŽŶ;Supplement
4.1Ϳ͕ ĐŽŶƐŝĚĞƌŝŶŐ ƚŚĞ ƚƵƌŶͲĂƌŽƵŶĚ ƟŵĞ ŽĨ ĞǀĞŶ ĨĂƐƚ ƚĞƐƚƐ ĨŽƌ ƌŝĨĂŵƉŝĐŝŶ
ƌĞƐŝƐƚĂŶĐĞŝŶĂƌĞƐŽƵƌĐĞͲƉŽŽƌƐĞƫŶŐ͘KŶůǇĂŶ͚ŝŶƚĞŶƟŽŶƚŽƚƌĞĂƚ͛ĂŶĂůǇƐĞƐǁĂƐ
ĚĞĞŵĞĚ ƵƐĞĨƵů ĨŽƌ ƚŚŝƐ ƐƚƵĚǇ͕  ĂƐŵŽƐƚ ĚĞĂƚŚƐ ŽĐĐƵƌƌĞĚ ďĞĨŽƌĞ ƚŚĞ ƉĂƟĞŶƚƐ
ĐŽƵůĚ ĐŽŵƉůĞƚĞ ƚŚĞ ĨƵůů ͚ƉĞƌ ƉƌŽƚŽĐŽů͛ ŝŶƚĞƌǀĞŶƟŽŶ ĚƵƌŝŶŐ ŽŶĞŵŽŶƚŚ͘ dŚŝƐ
ŵĞĂŶƐƚŚĂƚƚŚĞƚǁŽǁŝƚŚĚƌĂǁŶƉĂƟĞŶƚƐǁĞƌĞĐŽŶƐŝĚĞƌĞĚƚŽďĞƐƵƌǀŝǀŽƌƐŝŶŽƵƌ
ĞǆƉůŽƌĂƟǀĞĂŶĂůǇƐĞƐŽĨĞĸĐĂĐǇ͘
^ŝǆͲŵŽŶƚŚŵŽƌƚĂůŝƚǇǁĂƐ ϯϮй ;ϵϱйŽŶĮĚĞŶĐĞ /ŶƚĞƌǀĂůƐ ;/Ϳ͗ ϭϵ͘ϱйͲϰϴ͘ϭйͿ͕
ĂŶĚƚŚĞŵĂũŽƌŝƚǇ;ϭϮͬϭϵ͕ϲϯйͿŽĨĚĞĂƚŚƐŽĐĐƵƌƌĞĚŝŶƚŚĞĮƌƐƚƚǁŽǁĞĞŬƐĂŌĞƌ
ĂĚŵŝƐƐŝŽŶ͘ ĂƵƐĞƐ ŽĨ ĚĞĂƚŚǁĞƌĞ ƐƵƐƉĞĐƚĞĚ ƌĞƐƉŝƌĂƚŽƌǇ ĨĂŝůƵƌĞ ;ŶсϳͿ͕ ƐĞƉƟĐ
ƐŚŽĐŬ ;ŶсϯͿ͕ ďƌĂŝŶ ŚĞƌŶŝĂƟŽŶ ;ŶсϯͿ͕ ƐƵĚĚĞŶ ĐĂƌĚŝĂĐ ĞǀĞŶƚ ;ŶсϮͿ͕ ƉƵůŵŽŶĂƌǇ
ĞŵďŽůŝƐŵ ;ŶсϮͿ ĂŶĚ ŚĞĂĚ ŝŶũƵƌǇ ;ŶсϭͿ͘ ^ŝǆͲŵŽŶƚŚ ŵŽƌƚĂůŝƚǇ ǁĂƐ ŶŽŶͲ
ƐŝŐŶŝĮĐĂŶƚůǇ ůŽǁĞƌ ŝŶ ƚŚĞ ϯϬŵŐͬŬŐ ŐƌŽƵƉ ďŽƚŚ ĂŵŽŶŐ Ăůů ƉĂƟĞŶƚƐ ;ƉсϬͼϭϮͿ
ĂŶĚĂŵŽŶŐƚŚĞĐĂƐĞƐǁŝƚŚĚĞĮŶŝƚĞdD;ƉсϬͼϬϳͿ;Table 4.4)͘dŚĞĞǆĐůƵƐŝŽŶŽĨ
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ƚŚĞ ŝŶĐŝĚĞŶĐĞŽĨŐƌĂĚĞϯĂŶĚϰĂĚǀĞƌƐĞĞǀĞŶƚƐ͕ ŝŵƉƌŽǀĞĚ ƚŚĞĂƩĂŝŶŵĞŶƚŽĨ
ƉƌĞǀŝŽƵƐůǇ ĚĞƚĞƌŵŝŶĞĚ ĞǆƉŽƐƵƌĞ ƚŚƌĞƐŚŽůĚ ǀĂůƵĞƐ ĨŽƌ ůŽǁĞƌ ŵŽƌƚĂůŝƚǇ͕  ĂŶĚ
ƐŚŽǁĞĚ Ă ƚƌĞŶĚ ĨŽƌ Ă ůŽǁĞƌ ƐŝǆͲŵŽŶƚŚ ŵŽƌƚĂůŝƚǇ ƌĂƚĞ ĂŵŽŶŐ ƉĂƟĞŶƚƐ ǁŝƚŚ
ŵŝĐƌŽďŝŽůŽŐŝĐĂůůǇƉƌŽǀĞŶ;ĚĞĮŶŝƚĞͿdD͘







&ŽƌƚƵŶĂƚĞůǇ͕  ŽƵƌ ŝŶƚĞƌǀĞŶƟŽŶ ǁŝƚŚ ŚŝŐŚĞƌ ĚŽƐĞƐ ŽĨ ƌŝĨĂŵƉŝĐŝŶ ǁĂƐ ĞīĞĐƟǀĞ
ĨƌŽŵĂƉŚĂƌŵĂĐŽŬŝŶĞƟĐƉŽŝŶƚŽĨǀŝĞǁ͘dƌŝƉůŝŶŐ ƚŚĞ ƌŝĨĂŵƉŝĐŝŶĚŽƐĞƉƌŽǀŝĚĞĚ











KƵƌ ĚĂƚĂ ĂůƐŽ ƐŚŽǁĞĚ ůĂƌŐĞ ŝŶƚĞƌͲŝŶĚŝǀŝĚƵĂů ǀĂƌŝĂďŝůŝƚǇ ŝŶ ƚŚĞ ƌŝĨĂŵƉŝĐŝŶ
ĞǆƉŽƐƵƌĞ͕ ǁŚŝĐŚ ŝƐ ŝŶ ĂŐƌĞĞŵĞŶƚǁŝƚŚ ƚŚĞ ůŝƚĞƌĂƚƵƌĞ ĂŶĚŵĂǇ ďĞ ĞŶŚĂŶĐĞĚ
ďǇ ƉŚĂƌŵĂĐŽŬŝŶĞƟĐ ĐŚĂŶŐĞƐ ŝŶ ĐƌŝƟĐĂůůǇ ŝůů ƉĂƟĞŶƚƐ͘77,78 KĨ ŶŽƚĞ͕ ƚŚĞ ůŽǁĞƐƚ
ŽďƐĞƌǀĞĚhϬͲϮϰŚ͕ŵĂǆ ĂŶĚ^&ĐŽŶĐĞŶƚƌĂƟŽŶƐŝŶĐƌĞĂƐĞĚǁŝƚŚƚŚĞŚŝŐŚĞƌĚŽƐĞ
























ŵŝĐƌŽďŝŽůŽŐŝĐĂůůǇ ƉƌŽǀĞŶ ;ĚĞĮŶŝƚĞͿ dD͘ /ƚ ŝƐ ŝŵƉŽƌƚĂŶƚ ƚŽ ŶŽƟĐĞ ƚŚŝƐ ĐůĞĂƌ
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81A double-blinded randomised
4
dŚĞƐƚƌĞŶŐƚŚƐŽĨŽƵƌ ƐƚƵĚǇĂƌĞ ƚŚĞĚŽƵďůĞͲďůŝŶĚŝŶŐ ƚŚĂƚǁĞĂƉƉůŝĞĚĂŶĚ ƚŚĞ
ŚŝŐŚ ƉƌŽƉŽƌƟŽŶ ŽĨ ďĂĐƚĞƌŝŽůŽŐŝĐĂůͲĐŽŶĮƌŵĞĚ dD ĐĂƐĞƐ ;ϳϭйͿ͘ KƵƌ ƐƚƵĚǇ
ĂůƐŽŚĂƐůŝŵŝƚĂƟŽŶƐ͘&ŝƌƐƚ͕ŽƵƌƐƚƵĚǇŵĂŝŶůǇŝŶĐůƵĚĞĚƉĂƟĞŶƚƐǁŝƚŚdDDZ
ŐƌĂĚĞ Ϯ ĂŶĚ ĨĞǁ ƉĂƟĞŶƚƐǁŝƚŚ ƚŚĞŵŽƌĞ ƐĞǀĞƌĞ ŐƌĂĚĞ ϯ dD͘ /ƚ ĐĂŶŶŽƚ ďĞ
ĞǆĐůƵĚĞĚƚŚĂƚƉŚĂƌŵĂĐŽŬŝŶĞƟĐƐ͕ƐĂĨĞƚǇͬƚŽůĞƌĂďŝůŝƚǇĂŶĚĞĸĐĂĐǇŽĨŚŝŐŚĚŽƐĞ
ƌŝĨĂŵƉŝĐŝŶĂƌĞĚŝīĞƌĞŶƚŝŶƚŚĞŵŽƌĞƐĞǀĞƌĞŐƌĂĚĞϯdDƉŽƉƵůĂƟŽŶ͘^ĞĐŽŶĚ͕






/Ŷ ƐƵŵŵĂƌǇ͕  ƚƌŝƉůŝŶŐ ƚŚĞĚŽƐĞŽĨ ŽƌĂů ƌŝĨĂŵƉŝĐŝŶ ƚŽ ϯϬŵŐͬŬŐ ƌĞƐƵůƚĞĚ ŝŶ ĂŶ
ŝŶĐƌĞĂƐĞĚ ĞǆƉŽƐƵƌĞ ƚŽ ƌŝĨĂŵƉŝĐŝŶ͕ ďŽƚŚ ŝŶ ƉůĂƐŵĂ ĂŶĚ ^&͕  ǁŚŝĐŚ ǁĂƐ ŶŽƚ
ĂƐƐŽĐŝĂƚĞĚǁŝƚŚĂŶŝŶĐƌĞĂƐĞŝŶƚŚĞŝŶĐŝĚĞŶĐĞŽĨŐƌĂĚĞϯĂŶĚϰĂĚǀĞƌƐĞĞǀĞŶƚƐ͘
dŚĞŚŝŐŚĞƌϯϬŵŐͬŬŐƌŝĨĂŵƉŝĐŝŶĚŽƐĞƌĞƐƵůƚĞĚŝŶĂŶŝŶĐƌĞĂƐĞŝŶƉŚĂƌŵĂĐŽŬŝŶĞƟĐ




ĨŽƌ ĂĐĐŽŵŵŽĚĂƟŶŐ ƚŚĞ ƌĞƐĞĂƌĐŚ͖ &ĞďǇ WƵƌŶĂŵĂ ĂŶĚ ^ŽĮĂ /ŵŵĂĐƵůĂƚĂ͕ ^ƌŝ
DĂƌŐŝ͕ ^ŚĞŚŝŬĂ ^ŚƵůĚĂ͕ ĂŶĚZĂŶŝ dƌŝƐŶĂǁĂƟ ĨŽƌŵŽŶŝƚŽƌŝŶŐ ƚŚĞƉĂƟĞŶƚƐ ĂŶĚ
ĚĂƚĂƌĞĐŽƌĚŝŶŐ͖ƚƵWƵƌŶĂŵĂĞǁŝĨŽƌƌŝĨĂŵƉŝĐŝŶďŝŽĂŶĂůǇƐĞƐ͕:ĞƐƐŝŶŶŝƐĂĨŽƌ
ŵŝĐƌŽďŝŽůŽŐŝĐĂůĂŶĂůǇƐĞƐ͕ĂŶĚ>ŝŬĂƉƌŝĂŶŝĂƐƌĂŶĚŽŵůŝƐƚŚŽůĚĞƌ͘
ůů ƚŚĞ ĂƵƚŚŽƌƐ ǁŽƌŬĞĚ ĐŽůůĞĐƟǀĞůǇ ƚŽ ĚĞǀĞůŽƉ ƚŚĞ ƉƌŽƚŽĐŽůƐ ĂŶĚ ŵĞƚŚŽĚƐ
ĚĞƐĐƌŝďĞĚ ŝŶ ƚŚŝƐ ƌĞƉŽƌƚ͘ Z͘Z ǁĂƐ ƚŚĞ ƉƌŝŶĐŝƉĂů ŝŶǀĞƐƟŐĂƚŽƌ͘  Z' ĂŶĚ ^͘
ǁĞƌĞ ƌĞƐƉŽŶƐŝďůĞ ĨŽƌ ƚŚĞ ĐůŝŶŝĐĂůĚĂƚĂĂŶĚ ƚŚĞ ĨŽůůŽǁͲƵƉ͘ z͘s͘ ͕͘͕͘ ĂŶĚ >͘ƚ͘
ƉĞƌĨŽƌŵĞĚƚŚĞƉŚĂƌŵĂĐŽŬŝŶĞƟĐĚĂƚĂĂŶĂůǇƐĞƐƵŶĚĞƌ ƚŚĞƐƵƉĞƌǀŝƐŝŽŶŽĨZ͘Z͘
ĂŶĚZ͘͘ ^͘͘ ĂŶĚZ͘͘ƉĞƌĨŽƌŵĞĚ ƚŚĞ ƐƚĂƟƐƟĐĂů ĂŶĂůǇƐĞƐǁŝƚŚ ƐƵƉƉŽƌƚ ĨƌŽŵ
<͘t͘^ƉĞƌĨŽƌŵĞĚƚŚĞůŝƚĞƌĂƚƵƌĞƐĞĂƌĐŚĂŶĚǁƌŽƚĞƚŚĞĮƌƐƚĚƌĂŌŽĨƚŚĞƌĞƉŽƌƚ
ĂŶĚĂůůŽƚŚĞƌĂƵƚŚŽƌƐƉƌŽǀŝĚĞĚĐŽŶƚƌŝďƵƟŽŶƐĂŶĚƐƵŐŐĞƐƟŽŶƐ͘
dŚŝƐ ǁŽƌŬ ǁĂƐ ƐƵƉƉŽƌƚĞĚ ďǇ WĞĞƌ ,ĞĂůƚŚ ;EĂƟŽŶĂů ĐĂĚĞŵǇ ŽĨ ^ĐŝĞŶĐĞƐ
;E^ͿͲhŶŝƚĞĚ^ƚĂƚĞƐŐĞŶĐǇĨŽƌ/ŶƚĞƌŶĂƟŽŶĂůĞǀĞůŽƉŵĞŶƚ;h^/Ϳ͕h^͖ƚŚĞ
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WƌĞƐĞŶƚĞĚ ŝŶ ƉĂƌƚ Ăƚ ƚŚĞ ϭϬƚŚ /ŶƚĞƌŶĂƟŽŶĂů tŽƌŬƐŚŽƉ ŽŶ WŚĂƌŵĂĐŽůŽŐǇ ŽĨ
dƵďĞƌĐƵůŽƐŝƐƌƵŐƐ͕ƚůĂŶƚĂ͕KĐƚŽďĞƌϭϱ͕ϮϬϭϳ͘
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ƉĂƟĞŶƚƐ͕ ƉĂƟĞŶƚƐ ǁŝƚŚ ƐĞǀĞƌĞŵĞŶƚĂů ĚŝƐŽƌĚĞƌƐ͕ ƉĂƟĞŶƚƐ ǁŝƚŚ ŶŽ ĚƌƵŐ
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Clinical parameters, 
routine inﬂammatory markers, and LTA4H 
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Indonesia
ƌũĂŶǀĂŶ>ĂĂƌŚŽǀĞŶΎ͕^ ŽĮĂƟ ŝĂŶΎ͕ ĂƌŽůŝĞŶ ZƵĞƐĞŶ͕ůĂ,ĂǇĂƟ͕DŝĐŚĞůůĞ ^͘D͘
͘ĂŵĞŶ͕:ĞƐƐŝŶŶŝƐĂ͕>ŝĚǇĂŚĂŝĚŝƌ͕ ZŽǀŝŶĂZƵƐůĂŵŝ͕dƌŝ,ĂŶŐŐŽŶŽĐŚŵĂĚ͕





Processed on: 17-9-2018 PDF page: 88
88 Chapter  5
Abstract
Background









tĞ ŝŶĐůƵĚĞĚ ϲϬϴ ƉĂƟĞŶƚƐ ǁŝƚŚ dD͕ ŽĨ ǁŚŽŵ ϲϳ͘ϭй ŚĂĚ ďĂĐƚĞƌŝŽůŽŐŝĐĂů
ĐŽŶĮƌŵĂƟŽŶ ŽĨ ĚŝƐĞĂƐĞ ĂŶĚ ϴϴ͘Ϯй ŚĂĚ ƐĞǀĞƌĞ ;ŝĞ͕ ŐƌĂĚĞ // Žƌ ///Ϳ ĚŝƐĞĂƐĞ͘
KŶĞͲǇĞĂƌ ŵŽƌƚĂůŝƚǇ ǁĂƐ ϰϯ͘ϳй ĂŶĚ ƐƚƌŽŶŐůǇ ĂƐƐŽĐŝĂƚĞĚ ǁŝƚŚ ĚĞĐƌĞĂƐĞĚ
ĐŽŶƐĐŝŽƵƐŶĞƐƐ͕ĨĞǀĞƌ͕ ĂŶĚĨŽĐĂůŶĞƵƌŽůŽŐŝĐĂůƐŝŐŶƐ͘,ƵŵĂŶŝŵŵƵŶŽĚĞĮĐŝĞŶĐǇ
ǀŝƌƵƐ;,/sͿŝŶĨĞĐƟŽŶ͕ƉƌĞƐĞŶƚŝŶϭϱ͘ϯйŽĨƉĂƟĞŶƚƐ͕ǁĂƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚŚŝŐŚĞƌ
ŵŽƌƚĂůŝƚǇ ĂŶĚ ĚŝīĞƌĞŶƚ ^& ĐŚĂƌĂĐƚĞƌŝƐƟĐƐ͕ ĐŽŵƉĂƌĞĚ ǁŝƚŚ ĂďƐĞŶĐĞ ŽĨ ,/s












Keywords. dƵďĞƌĐƵůŽƐŝƐ͕ ŵĞŶŝŶŐĞĂů͖ ŶĞƵƚƌŽƉŚŝůƐ͖ ĐĞƌĞďƌŽƐƉŝŶĂů ŇƵŝĚ͖
ůĞƵŬŽƚƌŝĞŶĞϰŚǇĚƌŽůĂƐĞ͖ĐŽŚŽƌƚƐƚƵĚŝĞƐ͘
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Žƌ ŶĞƵƌŽůŽŐŝĐĂů ĚŝƐĂďŝůŝƚǇ ŽĨ ŵŽƌĞ ƚŚĂŶ ϯϬй ŽĨ ĂĚƵůƚ ƉĂƟĞŶƚƐ͘ϰ͕ϴϭ WƌĞǀŝŽƵƐůǇ 
ŝĚĞŶƟĮĞĚ ĨĂĐƚŽƌƐ ĂƐƐŽĐŝĂƚĞĚ ǁŝƚŚ ŵŽƌƚĂůŝƚǇ ŽĨ ƚƵďĞƌĐƵůŽƵƐ ŵĞŶŝŶŐŝƟƐ ;dDͿ 
ŝŶĐůƵĚĞĚŝƐĞĂƐĞƐĞǀĞƌŝƚǇĂƚƟŵĞŽĨƉƌĞƐĞŶƚĂƟŽŶ͕ĚƌƵŐƌĞƐŝƐƚĂŶĐĞ͕,/sŝŶĨĞĐƟŽŶ͕ 
ůŽǁϰdͲĐĞůůĐŽƵŶƚƐĂŵŽŶŐƚŚŽƐĞ,/sͲŝŶĨĞĐƚĞĚ ŝŶĚŝǀŝĚƵĂůƐ͕ĂŶĚůŽǁ 
ĐĞƌĞďƌŽƐƉŝŶĂůŇƵŝĚ ;^&Ϳ ĐĞůůƐ ĂŶĚ ŐůƵĐŽƐĞ ůĞǀĞů͘ϰ͕ϰϮ͕ϴϭͲϴϯ /Ŷ ĂĚĚŝƟŽŶ͕ ŝƚ ŚĂƐ 
ůŽŶŐ ďĞĞŶ ƐƵŐŐĞƐƚĞĚ ƚŚĂƚ ŝŶŇĂŵŵĂƟŽŶ ĐŽŶƚƌŝďƵƚĞƐ ƚŽ ƉŽŽƌ ŽƵƚĐŽŵĞ ŽĨ 
dD͕ĂŶĚ ĂĚũƵǀĂŶƚ ĐŽƌƟĐŽƐƚĞƌŽŝĚƐŚĂǀĞƐŚŽǁŶƚŽƌĞĚƵĐĞŵŽƌƚĂůŝƚǇŽĨdD͘ϴϰ
dŚĞĞǆĂĐƚŶĂƚƵƌĞŽĨƚŚĞĚĞƚƌŝŵĞŶƚĂůŝŶŇĂŵŵĂƚŽƌǇƌĞƐƉŽŶƐĞŝŶdDŚŽǁĞǀĞƌ 
ƌĞŵĂŝŶƐ ƵŶĐůĞĂƌ͘   ůŽǁĞƌ ^& ĐĞůů ĐŽƵŶƚ ǁĂƐ ĂƐƐŽĐŝĂƚĞĚ ǁŝƚŚ ŝŶĐƌĞĂƐĞĚ 
ŵŽƌƚĂůŝƚǇ ĂŵŽŶŐ dD ƉĂƟĞŶƚƐ ŝŶ sŝĞƚŶĂŵ͕ϰϮ ďƵƚ ŶŽƚ ŝŶ ŚŝŶĂ͕ϴϱ ŶŽƌ ^ ŽƵƚŚ 
ĨƌŝĐĂ͘ϴϲdŚĞƚǇƉĞŽĨ^&ĐĞůůƐŵĂǇďĞŝŵƉŽƌƚĂŶƚ͘KŶĂǀĞƌĂŐĞ͕ϳϬͲϵϬйŽĨĐĞůůƐ 
ŝŶƚŚĞ^&ĂƌĞŵŽŶŽŶƵĐůĞĂƌĐĞůůƐ͕ϰ͕ϴϳ ŵĂŝŶůǇ ůǇŵƉŚŽĐǇƚĞƐ͕ϴϴďƵƚƵƉƚŽĂƚŚŝƌĚ 
ŽĨƉĂƟĞŶƚƐƐŚŽǁĂƉƌĞĚŽŵŝŶĂŶĐĞŽĨŶĞƵƚƌŽƉŚŝůƐ͘ϴϵ /ŶƚĞƌĞƐƟŶŐůǇ͕ ĂŵŽŶŐ,/sͲ 
ŝŶĨĞĐƚĞĚƉĂƟĞŶƚƐŝŶ^ŽƵƚŚĨƌŝĐĂ͕^&ŶĞƵƚƌŽƉŚŝůƐƉƌĞĚŝĐƚĞĚƚŚĞŽĐĐƵƌƌĞŶĐĞŽĨ 
dDŝŵŵƵŶĞƌĞĐŽŶƐƟƚƵƟŽŶŝŶŇĂŵŵĂƚŽƌǇƐǇŶĚƌŽŵĞ;/Z/^Ϳ͘ϵϬ ,ŽǁĞǀĞƌ͕ ŝŶ,/sͲ 
ŶĞŐĂƟǀĞ dD ƉĂƟĞŶƚƐ ƚŚĞƌĞ ĂƌĞ ŶŽ ƉƵďůŝƐŚĞĚ ĚĂƚĂ ƌĞůĂƟŶŐ ^& ŶĞƵƚƌŽƉŚŝůƐ 
ǁŝƚŚŝŵŵƵŶŽƉĂƚŚŽůŽŐǇŽƌŵŽƌƚĂůŝƚǇ͘
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/Ŷ ƚŚŝƐƉƌŽƐƉĞĐƟǀĞ ĐŽŚŽƌƚ ƐƚƵĚǇ͕ ǁĞ ŝŶĐůƵĚĞĚĂůů ƉĂƟĞŶƚƐ ĂďŽǀĞϭϰǇĞĂƌƐŽĨ
ĂŐĞ ǁŚŽ ƉƌĞƐĞŶƚĞĚ ǁŝƚŚ ƉŽƐƐŝďůĞ ŵĞŶŝŶŐŝƟƐ ďĞƚǁĞĞŶ KĐƚŽďĞƌ ϮϬϬϲ ĂŶĚ
:ƵŶĞ ϮϬϭϲ ŝŶ Ă ƌĞĨĞƌƌĂů ŚŽƐƉŝƚĂů ŝŶ ĂŶĚƵŶŐ͕ /ŶĚŽŶĞƐŝĂ͘ WĂƟĞŶƚƐ ƵŶĚĞƌǁĞŶƚ
ƐƚĂŶĚĂƌĚŝƐĞĚƐĐƌĞĞŶŝŶŐƚŚĂƚŝŶĐůƵĚĞĚ^&ĞǆĂŵŝŶĂƟŽŶĂŶĚĐŚĞƐƚƌĂĚŝŽŐƌĂƉŚǇ͘
EĞƵƌŽůŽŐŝĐĂůƐƚĂƚƵƐŽĨdDƉĂƟĞŶƚƐǁĂƐĐůĂƐƐŝĮĞĚĂĐĐŽƌĚŝŶŐƚŽŵŽĚŝĮĐĂƟŽŶ












DŝĐƌŽďŝŽůŽŐŝĐĂů ĚŝĂŐŶŽƐŝƐ ŽĨ dDǁĂƐ ĚŽŶĞ ƵƐŝŶŐ ŵŝĐƌŽƐĐŽƉǇ͕  ƐŽůŝĚ KŐĂǁĂ
ĐƵůƚƵƌĞĂŶĚůŝƋƵŝĚĐŽŵŵĞƌĐŝĂůĐƵůƚƵƌĞ͕ĂŶĚDK^ůŝƋƵŝĚĐƵůƚƵƌĞϵϲĂŌĞƌϮϬϭϬ͘
&ŽƵƌ ƚŽ ϭϬ ŵů ŽĨ ^& ŝƐ ĐŽŶĐĞŶƚƌĂƚĞĚ ďǇ ĐĞŶƚƌŝĨƵŐĂƟŽŶ Ăƚ ϯϬϬϬǆ Ő ĨŽƌ ϭϱ




ƚŚƌŽƵŐŚǁŚŽůĞ ŐĞŶŽŵĞ ƐĞƋƵĞŶĐŝŶŐ ŝŶ ϭϬϮ ƉĂƟĞŶƚƐ͘ &ƵƌƚŚĞƌŵŝĐƌŽďŝŽůŽŐŝĐĂů
ƚĞƐƟŶŐ ŝŶĐůƵĚĞĚ ^& ŵŝĐƌŽƐĐŽƉǇ ĂŶĚ ĐƵůƚƵƌĞ ĨŽƌ ďĂĐƚĞƌŝĂ ĂŶĚ ĨƵŶŐŝ͕ ĂŶĚ








dD ǁĂƐ ƚƌĞĂƚĞĚ ǁŝƚŚ Ă ĐŽŵďŝŶĂƟŽŶ ŽĨ ƌŝĨĂŵƉŝĐŝŶ ;ϰϱϬ ŵŐ͕ ĐŽƌƌĞƐƉŽŶĚŝŶŐ 
ƚŽ ΕϭϬ ŵŐͬŬŐͿ͕ ŝƐŽŶŝĂǌŝĚ ;ϯϬϬ ŵŐͿ͕ ĞƚŚĂŵďƵƚŽů ;ϳϱϬ ŵŐͿ ĂŶĚ ƉǇƌĂǌŝŶĂŵŝĚĞ 
;ϭϱϬϬŵŐͿĨŽƌƐŝǆŵŽŶƚŚƐ͘&ŽƌϵϱƵŶĐŽŶƐĐŝŽƵƐƉĂƟĞŶƚƐ͕ĚƌƵŐƐǁĞƌĞŐŝǀĞŶďǇ 
ŶĂƐŽŐĂƐƚƌŝĐ ƚƵďĞ͘ Ɛ ƉĂƌƚ ŽĨ ƚǁŽ ƉƵďůŝƐŚĞĚ ƉŚĂƌŵĂĐŽŬŝŶĞƟĐ ƐƚƵĚŝĞƐϭϭ͕ϲϳ ĂŶĚ 
ŽŶĞŽŶŐŽŝŶŐZd;EdϬϮϭϲϵϴϴϮͿ͕ϰϳƉĂƟĞŶƚƐƌĞĐĞŝǀĞĚŚŝŐŚͲĚŽƐĞƌŝĨĂŵƉŝĐŝŶ͕ 




ǁĞƌĞ ĨŽůůŽǁĞĚ ƉƌŽƐƉĞĐƟǀĞůǇ ĨŽƌ Ăƚ ůĞĂƐƚ ŽŶĞ ǇĞĂƌ͘  &ŝĞůĚ ĚŽĐƚŽƌƐ Žƌ ŶƵƌƐĞƐ 
ŵĂĚĞƉŚŽŶĞĐĂůůƐ͕ĂŶĚĂƐŽĐŝĂůǁŽƌŬĞƌĐŽŶĚƵĐƚĞĚŚŽŵĞǀŝƐŝƚƐĨŽƌƉĂƟĞŶƚƐŶŽƚ 
ƌĞƚƵƌŶŝŶŐĂŌĞƌŚŽƐƉŝƚĂůĚŝƐĐŚĂƌŐĞ͘ĞĂƚŚĂŌĞƌŚŽƐƉŝƚĂůĚŝƐĐŚĂƌŐĞǁĂƐĂƐƐĞƐƐĞĚ 









DŽƐƚ ŵĞŶŝŶŐŝƟƐ ƉĂƟĞŶƚƐ ŝŶ ƚŚŝƐ ƐĞƫŶŐƉƌĞƐĞŶƚǁŝƚŚ ƐƵďĂĐƵƚĞ ĚŝƐĞĂƐĞ͕ ĂŶĚ 
ƚƵďĞƌĐƵůŽƐŝƐ ŝƐ ƚŚĞ ĐŽŵŵŽŶĞƐƚ ĐĂƵƐĞ͘ϴϭ dD ǁĂƐ ĐůĂƐƐŝĮĞĚ ĂƐ ͞ĚĞĮŶŝƚĞ͟ ŝĨ 
ĞŝƚŚĞƌ^&ŵŝĐƌŽƐĐŽƉǇĨŽƌĂĐŝĚĨĂƐƚďĂĐŝůůŝ͕D͘ƚƵďĞƌĐƵůŽƐŝƐĐƵůƚƵƌĞŽƌWZǁĂƐ 






ĚŝĂŐŶŽƐŝƐ ǁĂƐ ŵĂĚĞ ĂŶĚ ǁŚŽ ƉƌĞƐĞŶƚĞĚ ǁŝƚŚ Ă ^& ůĞƵŬŽĐǇƚĞ ĐŽƵŶƚ фϱ ͬ ʅ> 
ǁĞƌĞ ĐůĂƐƐŝĮĞĚ ĂƐ ͞ ŶŽ ŵĞŶŝŶŐŝƟƐ͘͟  ůů ƌĞŵĂŝŶŝŶŐ ƉĂƟĞŶƚƐ ǁĞƌĞ ĐůĂƐƐŝĮĞĚ ĂƐ
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͞ƵŶŬŶŽǁŶĚŝĂŐŶŽƐŝƐ͘͟ EŽƚĂůůŝŶĨŽƌŵĂƟŽŶůŝƐƚĞĚŝŶƚŚĞƌĞĐĞŶƚĐŽŶƐĞŶƐƵƐͲďĂƐĞĚ 
ƌĞƐĞĂƌĐŚĚĞĮŶŝƟŽŶĨŽƌdDϱϲ ǁĂƐĂǀĂŝůĂďůĞ͕ĂŶĚĂƉŽƐŝƟǀĞƐĐŽƌĞĂĐĐŽƌĚŝŶŐƚŽ 
ƚŚŝƐ ĚĞĮŶŝƟŽŶ ƐƵŐŐĞƐƟŶŐ ͞ ƉƌŽďĂďůĞ ŵĞŶŝŶŐŝƟƐ͟ ;хϭϬ ƉŽŝŶƚƐ ŝŶ ƚŚĞ ĂďƐĞŶĐĞ 
ŽĨŶĞƵƌŽŝŵĂŐŝŶŐͿǁĂƐĨŽƵŶĚ ŝŶϯϲйŽĨƉĂƟĞŶƚƐǁŝƚŚŽƵƚŵĞŶŝŶŐŝƟƐ͕ĂŶĚ 
ϰϭ͘Ϯй ŽĨ ƚŚŽƐĞ ǁŝƚŚŽƵƚ Ă ĚŝĂŐŶŽƐŝƐ ĂĐĐŽƌĚŝŶŐ ƚŽ ŽƵƌ ĐůĂƐƐŝĮĐĂƟŽŶ͘ &Žƌ ƚŚĞ 
ƉƵƌƉŽƐĞŽĨƚŚŝƐƐƚƵĚǇ͕ ǁĞƚŚĞƌĞĨŽƌĞĐŚŽƐĞŽƵƌŽǁŶ͕ƐŽŵĞǁŚĂƚŵŽƌĞƐƉĞĐŝĮĐ 
ĐĂƐĞĚĞĮŶŝƟŽŶĨŽƌ͞ƉƌŽďĂďůĞdD͘͟
Data analyses and statistics
WĂƟĞŶƚ ĐŚĂƌĂĐƚĞƌŝƐƟĐƐ͕ ƉƌĞƐĞŶƚĞĚ ĂƐ ŵĞĚŝĂŶƐ ;ŝŶƚĞƌƋƵĂƌƟůĞƌĂŶŐĞͿ Žƌ 
ƉƌŽƉŽƌƟŽŶƐ ĂƐ ŝŶĚŝĐĂƚĞĚ͕ ǁĞƌĞ ĐŽŵƉĂƌĞĚ ďĞƚǁĞĞŶ ,/sͲŝŶĨĞĐƚĞĚ ĂŶĚ ŶŽŶͲ 
ŝŶĨĞĐƚĞĚ ƉĂƟĞŶƚƐ͕ ĂŶĚ ƐƵďƐĞƋƵĞŶƚ ĂŶĂůǇƐĞƐ ǁĞƌĞ ƌĞƐƚƌŝĐƚĞĚ ƚŽ ,/sͲŶĞŐĂƟǀĞ 
ƉĂƟĞŶƚƐ͘ KŶůǇ ƉĂƟĞŶƚƐ ǁŝƚŚ ĐŽŵƉůĞƚĞ ĚĂƚĂ ĨŽƌ ƚŚĞ ƌĞƐƉĞĐƟǀĞ ǀĂƌŝĂďůĞƐ 
ǁĞƌĞ ŝŶĐůƵĚĞĚ ĨŽƌ ĞĂĐŚ ĂŶĂůǇƐĞƐ͕ ĂƐ ŝŶĚŝĐĂƚĞĚ ŝŶ ƚŚĞ ůĞŐĞŶĚƐ ŽĨ ĮŐƵƌĞƐ ĂŶĚ 
ƚĂďůĞƐ͘ <ĂƉůĂŶͲDĞŝĞƌ ĐƵƌǀĞƐ ǁĞƌĞ ƵƐĞĚ ƚŽ ŝůůƵƐƚƌĂƚĞ ƐƵƌǀŝǀĂů ŽǀĞƌ ƟŵĞ͕ ǁŝƚŚ 
ĐŽŶƟŶƵŽƵƐƉƌĞĚŝĐƚŽƌƐĚŝǀŝĚĞĚŝŶĮǀĞŐƌŽƵƉƐ͕ǁŝƚŚĐƵƚͲŽīƐĂůůŽǁĞĚƚŽĚĞǀŝĂƚĞ 
ƐůŝŐŚƚůǇ ĨƌŽŵ ĞǆĂĐƚ ƚĞƌƟůĞƐ ƚŽ ŝŵƉƌŽǀĞ ŝŶƚĞƌƉƌĞƚĂďŝůŝƚǇ ŽĨ ƌĞƐƵůƚƐ͘ '^ ǁĂƐ 
ƚƌĞĂƚĞĚ ĂƐ Ă ĐŽŶƟŶƵŽƵƐ ǀĂƌŝĂďůĞ ƚŽ ĂǀŽŝĚ ůŽƐƐ ŽĨ ƉŽǁĞƌ ďǇ ƐƚƌĂƟĮĐĂƟŽŶ͘ ůů 
ĂŶĂůǇƐĞƐǁĞƌĞƉĞƌĨŽƌŵĞĚǁŝƚŚZ^ƚƵĚŝŽŝŶZϯ͘ϯ͘ϭ͘ƵƐŝŶŐ͚ŐŐƉůŽƚϮ͕͛ ͚ƌĞƐŚĂƉĞϮ͕͛  
͚ĚƉůǇƌ͕͛  ͚ŽƉĞŶǆůƐǆ͕͛  ͚ ƚĂďůĞŽŶĞ͕͛  ͚ ƐƵƌǀŵŝŶĞƌ͛ ĂŶĚ ͚,ŵŝƐĐ͛͘  hŶŝͲ ĂŶĚ ŵƵůƟǀĂƌŝĂƚĞ 
ŽǆƌĞŐƌĞƐƐŝŽŶǁĂƐƉĞƌĨŽƌŵĞĚƵƐŝŶŐ͚ƐƵƌǀŝǀĂů͛ĂŶĚŚĂǌĂƌĚƌĂƟŽ Ɛ͛ĂƐǁĞůůĂƐƚŚĞ 
ƌĞƐƵůƚŽĨůŽŐͲůŝŬĞůŝŚŽŽĚƌĂƟŽƚĞƐƚƐǁĞƌĞƌĞƉŽƌƚĞĚ͘^&ĐĞůůĐŽƵŶƚƐĂŶĚƉƌŽƚĞŝŶ 
levels ǁĞƌĞpositively skewed and therefore log transformed, using a 
ůŽŐ10;ǆнϭͿƚƌĂŶƐĨŽƌŵation to avoid having to exclude patients from regression 
analysis in whom either CSF cell counts or CSF protein level were 0͘
^ĞŶƐŝƟǀŝƚǇĂŶĂůǇƐĞƐǁĞƌĞƉĞƌĨŽƌŵĞĚĞǆĐůƵĚŝŶŐĐƵůƚƵƌĞͲŶĞŐĂƟǀĞĐĂƐĞƐ͕ƉĂƟĞŶƚƐ 
ǁŚŽ ĚŝĚ ŶŽƚ ƐƚĂƌƚ ŽŶ ĐŽƌƟĐŽƐƚĞƌŽŝĚƐ͕ ƉĂƟĞŶƚƐ ǁŚŽ ƉĂƌƟĐŝƉĂƚĞĚ ŝŶ Ă ƚƌŝĂů Žƌ 
ǁŝƚŚŬŶŽǁŶĚƌƵŐƌĞƐŝƐƚĂŶĐĞ͘^ĞĐŽŶĚĂƌǇĂŶĂůǇƐĞƐǁĂƐĚŽŶĞƚŽĚŝƐƟŶŐƵŝƐŚĞĂƌůǇ 
ĂŶĚ ĚĞůĂǇĞĚ ŵŽƌƚĂůŝƚǇ͕  ǁŝƚŚ ĞĂƌůǇ ĂŶĚ ůĂƚĞ ĚĞĮŶŝƟŽŶƐ ďĂƐĞĚ ŽŶ ƚŚĞ ŵĞĚŝĂŶ 
ƟŵĞͲƚŽͲĚĞĂƚŚ͕ ƚŽ ĂƐƐƵƌĞ ĞƋƵĂů ƉŽǁĞƌ ĨŽƌ ďŽƚŚ ŐƌŽƵƉƐ͘ ^ĞĐŽŶĚĂƌǇ ĂŶĂůǇƐĞƐ 
ĨŽƌ ƚŚĞ ŐĞŶĞƟĐ ĂŶĂůǇƐĞƐ ŝŶǀŽůǀĞĚ Ă ƌĞĐĞƐƐŝǀĞ ŵŽĚĞů ĐŽŵƉĂƌŝŶŐ ƚŚĞ >dϰ, 
dd ŐĞŶŽƚǇƉĞ ĂŐĂŝŶƐƚ ͬd ĐŽŵďŝŶĞĚ͘  ĐŽƌƌĞůĂƟŽŶ ŵĂƚƌŝǆ ǁĂƐ ŵĂĚĞ ƵƐŝŶŐ 
͚ĐŽƌƌƉůŽƚ͛ ǁŝƚŚ ^ƉĞĂƌŵĂŶ ƌĂŶŬŝŶŐ͕ ŽŶ ƉĂŝƌǁŝƐĞͲĐŽŵƉůĞƚĞ ŽďƐĞƌǀĂƟŽŶƐ ŽĨ Ăůů 
ĐŽŶƟŶƵŽƵƐ ǀĂƌŝĂďůĞƐ͘ DƵůƟǀĂƌŝĂƚĞ ĂŶĂůǇƐĞƐ ǁĂƐ ƉĞƌĨŽƌŵĞĚ ĂƐ ƐĞĐŽŶĚĂƌǇ 








Clinical presentation and patient mortality
&ƌŽŵϭϭϴϲƉĂƟĞŶƚƐǁŝƚŚĐůŝŶŝĐĂůůǇƐƵƐƉĞĐƚĞĚŵĞŶŝŶŐŝƟƐ͕ǁĞĞǆĐůƵĚĞĚƉĂƟĞŶƚƐ 
ǁŝƚŚ ŝŶĐŽŵƉůĞƚĞ ďĂƐĞůŝŶĞ ĚĂƚĂ ;ŶсϭϱϲͿ͕ ŶŽ ŵĞŶŝŶŐŝƟƐ Žƌ ĂŶ ĂůƚĞƌŶĂƟǀĞ 
ĚŝĂŐŶŽƐŝƐ ;ŶсϭϳϭͿ͕ Žƌ ŶŽ ĮŶĂů ĚŝĂŐŶŽƐŝƐ ;ŶсϮϱϭͿ͘ dŚŝƐ ůĞŌ ϲϬϴ dD ƉĂƟĞŶƚƐ 
ĨŽƌ ĨƵƌƚŚĞƌ ĂŶĂůǇƐĞƐ͕ ŝŶĐůƵĚŝŶŐ ϱϱ͘ϯй ǁŝƚŚ ĐƵůƚƵƌĞͲĐŽŶĮƌŵĞĚ dD ĂŶĚ 
ĂŶŽƚŚĞƌϭϭ͘ϬйĐŽŶĮƌŵĞĚďǇ ŝŶͲŚŽƵƐĞWZŽƌ'ĞŶĞyƉĞƌƚ͘WĂƟĞŶƚƐŐĞŶĞƌĂůůǇ 
ƉƌĞƐĞŶƚĞĚ ǁŝƚŚ DZ 'ƌĂĚĞ // ;ϲϳ͘ϲйͿ Žƌ 'ƌĂĚĞ /// ;ϭϯ͘ϯйͿ dD͖ ϱϮ͘Ϭй ŚĂĚ 
ŵŽƚŽƌ ĂďŶŽƌŵĂůŝƟĞƐ͕ ĂŶĚ ϱϵ͘ϳй ĐƌĂŶŝĂů ŶĞƌǀĞ ƉĂůƐǇ͘ EŝŶĞƚǇͲƚŚƌĞĞ ƉĂƟĞŶƚƐ 
;ϭϱ͘ϯйͿǁĞƌĞ,/s ŝŶĨĞĐƚĞĚ͕ƉƌĞƐĞŶƟŶŐǁŝƚŚƐĞǀĞƌĞĚŝƐĞĂƐĞ͕ǁŝƚŚĂǀĂŝůĂďůĞ 
ŵĞĚŝĂŶϰĐŽƵŶƚƐϲϮͬʅůďůŽŽĚ;/YZϰϯͲϭϴϲͿŝŶϮϬϭϰͲϮϬϭϲ͘^&ĞǆĂŵŝŶĂƟŽŶ 
ƐŚŽǁĞĚ ƚǇƉŝĐĂů ĂďŶŽƌŵĂůŝƟĞƐ ǁŝƚŚĞůĞǀĂƚĞĚ ĐĞůů ĐŽƵŶƚ ĂŶĚ ƉƌŽƚĞŝŶ͕ ĂŶĚ ůŽǁ 
ŐůƵĐŽƐĞ͕ ĞƐƉĞĐŝĂůůǇ ĂŵŽŶŐ ,/sͲŶĞŐĂƟǀĞ ƉĂƟĞŶƚƐ ;Table 5.1Ϳ͘ &ŽůůŽǁͲƵƉ ĚĂƚĂ 
ǁĂƐĐŽŵƉůĞƚĞĨŽƌϵϭ͘ϱйŽĨƉĂƟĞŶƚƐĂƚŽŶĞŵŽŶƚŚĂŶĚϳϯ͘ϮйĂƚŽŶĞor ŐƌĂĚĞ 
/// ;ϭϰ͘ϱйͿ dD͕ ϱϮ͘Ϭй ŚĂĚ ŵŽƚŽƌ ĂďŶŽƌŵĂůŝƟĞƐ͕ ĂŶĚ ϱϵ͘ϳй ĐƌĂŶŝĂů ŶĞƌǀĞ 
ƉĂůƐǇ͘EŝŶĞƚǇͲƚŚƌĞĞƉĂƟĞŶƚƐ;ϭϱ͘ϯйͿǁĞƌĞ,/sŝŶĨĞĐƚĞĚ͕ƉƌĞƐĞŶƟŶŐǁŝƚŚƐĞǀĞƌĞ 
ĚŝƐĞĂƐĞ͕ ǁŝƚŚ ĂǀĂŝůĂďůĞ ŵĞĚŝĂŶ ϰн dͲĐĞůů ĐŽƵŶƚƐ ŽĨ ϲϮ ĐĞůůƐͬʅ> ďůŽŽĚ ;/YZ 
ϰϯʹϭϴϲͿŝŶϮϬϭϰʹϮϬϭϲ͘^&ĞǆĂŵŝŶĂƟŽŶƐŚŽǁĞĚƚǇƉŝĐĂůĂďŶŽƌŵĂůŝƟĞƐǁŝƚŚ 
ĞůĞǀĂƚĞĚ ĐĞůů ĐŽƵŶƚ ĂŶĚ ƉƌŽƚĞŝŶ͕ ĂŶĚ ůŽǁ ŐůƵĐŽƐĞ͕ ĞƐƉĞĐŝĂůůǇ ĂŵŽŶŐ ,/sͲ 
ŶĞŐĂƟǀĞ ƉĂƟĞŶƚƐ ;Table 5.1Ϳ͘ &ŽůůŽǁͲƵƉ ĚĂƚĂ ǁĞƌĞ ĐŽŵƉůĞƚĞ ĨŽƌ ϵϭ͘ϱй ŽĨ 
ƉĂƟĞŶƚƐ Ăƚ ϭ ŵŽŶƚŚ ĂŶĚ ĨŽƌ ϳϯ͘Ϯй Ăƚ ϭ ǇĞĂƌ͘  KŶĞ-ǇĞĂƌ ŵŽƌƚĂůŝƚǇ ŽĨƉĂƟĞŶƚƐ 
ǁŝƚŚdDǁĂƐǀĞƌǇŚŝŐŚ͕ǁŝƚŚǀĂůƵĞƐŽĨϲϬ͘Ϭй;ϵϱйĐŽŶĮĚĞŶĐĞŝŶƚĞƌǀĂů΀/΁͕ 
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96 Chapter  5
Baseline clinical and laboratory parameters as predictors for death 
We restricted further analyses to the 515 HIV-negaƟǀe paƟĞŶts because of 
large diﬀerences between HIV-infected and non-infected paƟĞŶts in terms of 
survival and laboratory parameters and the relaƟǀely small number (n=93) 
of HIV-infected paƟĞŶts. Like Glasgow Coma Scale (GCS), BMRC TBM grade 
was a very strong predictor of survival (Table 5.2). Motor ĂďŶŽƌŵĂůŝƟĞƐand 
increased body temperature (Figure 5.2a) also predicted mortality, risk esƟ-
mates for these clinical markers were higher for early (0-6 days) compared to 
late (7-365 180 days) mortality (Table 5.S1).
A focus on CSF characterisƟĐƐrevealed that a low CSF to blood glucose raƟŽ 
(Figure 2B) and an elevated protein level were associated with death in univar-
iate Cox regression, while the total CSF leukocyte count was not. However, a 
10% increase in the prŽƉŽƌƟŽŶof neutrophils among CSF leukocytes was asso-
ciated with a 10% increase in the hazard for mortality. The sensŝƟǀŝƚǇanalyses 
in culture-conﬁrmed cases showed that both an increased neutrophil percent-
age and increased neutrophil count increased the risk of mortality. This indi-
cates that neutrophils, rather than a decrease in the number of mononuclear 
cells, are responsible for this eﬀect. PaƟĞŶts with a CSF neutrophil percent-
age of >50% had a ƉĂƌƟĐƵůĂƌůǇhigh risk of dying (Figure 5.2C). InteresƟŶgly, a 
low glucose raƟŽwas more strongly associated with delayed than with early 
mortality, while CSF neutrophil prŽƉŽƌƟŽŶ similarly predicted early and late 
mortality (Supplementary Table 5.1). Similar or slightly higher risk esƟŵĂtes 
were found when the analyses was restricted to paƟĞŶts with a CSF culture 
pŽƐŝƟǀe for M. tuberculosis (Table 5.2). By itself, a ƉŽƐŝƟǀe CSF M. tuberculosis 
culture, reŇĞĐƟŶg a higher bacillary load, was associated with an esƟŵĂted 
1-year mortality of 44.4% (95% CI, 35.5%–47.3%), compared with 34.8% (95%
CI, 27.7%–41.2%) for a CSF culture negĂƟve for D͘ƚƵďĞƌĐƵůŽƐŝƐ. Blood neutro-
philia (Figure 5.2D) and corresponding leucocytosis were associated with 
higher mortality.
PaƟents with less than 1.3 x 109/L lymphocytes and those with low (< 0.30 
x 109 monocytes/L) or high (≥ 0.60 x 109/L) monocytes, showed a higher risk
524329-L-bw-Dian
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of dying. In secondary analyses, monocyte-lymphocyte raƟŽ(ML-raƟŽͿ͕which
has been linked to tuberculosis sƵƐĐĞƉƟbility,101 was associated with mortality 
as well (HR 1.24, 95% CI 1.03-1.51, Supplementary Figure 1). Risk esƟŵĂtes
for blood markers were similar for early and delayed mortality (Supplementary
Table 5.1).
LTA4H genotype
Among 427 HIV-uninfected paƟĞŶts, 56.2% had a CC, 35.6% a CT, and 8.2% 
had a TT rs17525495 LTA4H genotype (Table 5.3). Clinical characterisƟĐƐexcept
for sex were not associated with genotype, but median CSF mononuclear cell 
counts were diﬀerent (91 cells/μL in the TT genotype group versus 65 cells/μL 
in the TC genotype group and 109 cells/μL in the CC genotype group). Total CSF 
leukocyte count, neutrophil level, protein level, and CSF to blood glucose raƟŽ
were not associated with genotype. The percentage of paƟĞŶts with ƉŽƐŝƟǀe
culture results decreased as a ĨƵŶĐƟŽŶof the presence of the T allele (P =
.013), which is considered to be proinﬂammatory. LTA4H genotype was not 
associated with a diﬀerence in paƟĞŶt survival in univariate Cox regression 
analyses (Table 5.2) also in ƐĞŶƐŝƟǀŝƚǇ analyses excluding 177 paƟĞŶts with 
negaƟǀe CSF culture (P = .585), 6 who had not received cŽƌƟĐosteroids (P = 
.845), 9 who had isoniazid and/or rifampicin drug-resistant TBM (P = .805), 
or 85 who ƉĂƌƟĐŝƉĂted in a trial (P = .740). In a secondary analyses applying 
a recessive model, we increased power by combining paƟents with CC or CT
genotypes and compared them to those with the TT genotype: the TT genotype
had a nonsigniﬁcant protĞĐƟǀe eﬀect (HR, 0.91; 95% CI, .52–1.60), with a 
similar eﬀect aŌer adjustment for sex and age (HR, 0.86; 95% CI, .49–1.52) 
and an increased but sƟůůnot signiﬁcant eﬀect aŌer adjustment for GCS score 
(HR, 0.71; 95% CI, .38–1.36). Indeed, among 175 paƟĞŶts with milder disease 
(GCS score, 14–15), those with the TT genotype showed a trend toward beƩer 
survival as compared to the combined group with the CC or CT genotype 
(Supplementary Figure 5.2).
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102 Chapter  5
Prognostic markers - correlation and multivariate Cox regression analyses
tĞ ŶĞǆƚ ĞǆĂŵŝŶĞĚ ƚŚĞ ĐŽƌƌĞůĂƟŽŶ ŽĨ ĐůŝŶŝĐĂů͕ ^&͕  ĂŶĚ ďůŽŽĚ ƉĂƌĂŵĞƚĞƌƐ
ůŝŶŬĞĚǁŝƚŚĚĞĂƚŚ͘&ĞǀĞƌ͕ '^͕ĂŶĚŵŽƚŽƌĂďŶŽƌŵĂůŝƟĞƐƐŚŽǁĞĚŶŽĐŽƌƌĞůĂƟŽŶ
ǁŝƚŚŽŶĞĂŶŽƚŚĞƌ ĂŶĚǁĞƌĞ ŝŶĚĞƉĞŶĚĞŶƚůǇ ĂƐƐŽĐŝĂƚĞĚǁŝƚŚŵŽƌƚĂůŝƚǇ ŝŶŽǆ











Processed on: 17-9-2018 PDF page: 103
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5
Table 5.4 Multivariate Cox regression for clinical, CSF and blood variables separately
365-day mortality
Variable HR (95% CI) p
A Clinical
Age, per 10 years increase 1.16 (1.02–1.31) .015
Body temperature, per 1 °C increase 1.24 (1.06–1.46) .009
Glasgow Coma Scale score, per point higher 0.80 (0.75–0.86) <.001
Motor abnormalities present 1.50 (1.06–2.12) .020
B Cerebrospinal fluid
Neutrophils, per 10% increase a 1.10 (1.04–1.16) .012
Protein, per 10-fold increase 1.42 (1.06–1.90) .018
CSF to blood glucose ratio, per 0.10 increase 0.90 (0.80–1.01) .079
M. tuberculosis culture positive 1.13 (0.81–1.58) .455
C Blood
Neutrophils, per 1x109/L increase b 1.06 (1.03–1.10) <.001





a ^& ŶĞƵƚƌŽƉŚŝů ƉĞƌĐĞŶƚĂŐĞ ǁĂƐ ƵƐĞĚ ďĞĐĂƵƐĞ ŽĨ ŝƚƐ ŵŽƌĞ ĐŽŵŵŽŶ ƵƐĞ ŝŶ ĐůŝŶŝĐĂů
ƉƌĂĐƟĐĞĂŶĚŝƚƐƐƚƌŽŶŐĞƌĂƐƐŽĐŝĂƟŽŶĂƐĐŽŵƉĂƌĞĚƚŽĐŽƵŶƚ͘
ďůŽŽĚŶĞƵƚƌŽƉŚŝůĐŽƵŶƚǁĂƐƵƐĞĚďĞŝŶŐƚŚĞŵƵůƟƉůŝĐĂƟŽŶŽĨŶĞƵƚƌŽƉŚŝůĐŽŶĐĞŶƚƌĂƟŽŶ
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/Ŷ Ă ƉƌŽƐƉĞĐƟǀĞůǇ ĨŽůůŽǁĞĚ ĐŽŚŽƌƚ ŽĨ ϲϬϴ ƚƵďĞƌĐƵůŽƵƐ ŵĞŶŝŶŐŝƟƐ ƉĂƟĞŶƚƐ 
ŝŶ /ŶĚŽŶĞƐŝĂ͕ ŽŶĞͲǇĞĂƌ ŵŽƌƚĂůŝƚǇ ǁĂƐ ϰϯ͘ϳй͘ DŽƌƚĂůŝƚǇ ǁĂƐ ůŝŶŬĞĚ ǁŝƚŚ 
ƉƌĞǀŝŽƵƐůǇ ƌĞƉŽƌƚĞĚ ƌŝƐŬ ĨĂĐƚŽƌƐ ;,/s ŝŶĨĞĐƟŽŶ͕ ĚŝƐĞĂƐĞ ƐĞǀĞƌŝƚǇ͕ ŶĞƵƌŽůŽŐŝĐĂů 
ĐŽŵƉůŝĐĂƟŽŶƐ͕ ĂŶĚ ůŽǁ ^& ŐůƵĐŽƐĞͿ ĂŶĚ ƐĞǀĞƌĂů ŶĞǁůǇ ŝĚĞŶƟĮĞĚ ĨĂĐƚŽƌƐ 
ŝŶĐůƵĚŝŶŐ ĨĞǀĞƌ͕ ^&ĐƵůƚƵƌĞͲƉŽƐŝƟǀŝƚǇ͕ ĂƉƌĞĚŽŵŝŶĂŶĐĞŽĨŶĞƵƚƌŽƉŚŝůƐ ŝŶ^&͕   
ĂŶĚ Ă ŚŝŐŚ ďůŽŽĚ ŵŽŶŽĐǇƚĞͲůǇŵƉŚŽĐǇƚĞ ƌĂƟŽ͘ hŶůŝŬĞ Ă ƉƌĞǀŝŽƵƐ ƐƚƵĚǇ ŝŶ 
sŝĞƚŶĂŵǁĞĨŽƵŶĚŶŽƌĞůĂƟŽŶďĞƚǁĞĞŶƚŚĞůĞƵŬŽƚƌŝĞŶĞϰ,ǇĚƌŽůĂƐĞ;>dϰ,Ϳ 
ƉƌŽŵŽƚĞƌƉŽůǇŵŽƌƉŚŝƐŵƌƐϭϳϱϮϱϰϵϱĂŶĚŽƵƚĐŽŵĞ͘















ĐŽŵƉůŝĐĂƟŽŶƐ͕ ĞƐƉĞĐŝĂůůǇ ŵŽƚŽƌ ĂďŶŽƌŵĂůŝƟĞƐ͕ ĂƌĞ ƐƚƌŽŶŐůǇ ƉƌĞĚŝĐƟǀĞ ŽĨ 
ĂƉŽŽƌŽƵƚĐŽŵĞŽĨdD͘EŽƚƵŶĞǆƉĞĐƚĞĚůǇ͕ƚŚĞƐĞƌŝƐŬĨĂĐƚŽƌƐǁĞŝŐŚĞĚƐƚƌŽŶŐĞƐ 
ĨŽƌĞĂƌůǇŵŽƌƚĂůŝƚǇ͘,ĂůĨŽĨĚĞĂƚŚƐŝŶŽƵƌĐŽŚŽƌƚŽĐĐƵƌƌĞĚŝŶƚŚĞĮƌƐƚƐŝǆĚĂǇƐ 
ĂŌĞƌƐƚĂƌƚ ŽĨ ƚƌĞĂƚŵĞŶƚ͕ ŵŽƐƚůǇ ĂŵŽŶŐ ƚŚŽƐĞ ǁŝƚŚ ŵŽƐƚ ĂĚǀĂŶĐĞĚ ĚŝƐĞĂƐĞ͕ 
ĂŐĂŝŶƌĞŇĞĐƟŶŐƚŚĞŝŵƉŽƌƚĂŶĐĞŽĨĞĂƌůŝĞƌĚŝĂŐŶŽƐŝƐĂŶĚƚƌĞĂƚŵĞŶƚ͘
tĞĂƌĞƚŚĞĮƌƐƚƚŽƌĞƉŽƌƚƚŚĂƚĨĞďƌŝůĞƉĂƟĞŶƚƐŚĂǀĞĂŚŝŐŚĞƌƌŝƐŬŽĨĚǇŝŶŐ of 
TBM͘ &ĞǀĞƌ ŵĂǇ ƌĞŇĞĐƚ ĚĂŵĂŐŝŶŐ ŝŶŇĂŵŵĂƟŽŶ Žƌ ŝŶĐƌĞĂƐĞĚ ŵĞƚĂďŽůŝƐŵ ŽĨ 
Ă ĚĂŵĂŐĞĚ ďƌĂŝŶ͕ ĂƐ ŚĂƐ ďĞĞŶ ƐƵŐŐĞƐƚĞĚ ďǇ ŝŶĐƌĞĂƐĞĚ ŵŽƌƚĂůŝƚǇ ŽĨ ƐƚƌŽŬĞ 
ƉĂƟĞŶƚƐǁŝƚŚ ĨĞǀĞƌ͘ ϭϬϮ
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ĞǀĞŶƐĞĞŵĞĚŚĂƌŵĨƵůŝŶĂƌĂŶĚŽŵŝǌĞĚĐŽŶƚƌŽůůĞĚƚƌŝĂůŝŶƉĂƟĞŶƚƐǁŝƚŚĂĐƵƚĞ 
ďĂĐƚĞƌŝĂůŵĞŶŝŶŐŝƟƐ͘ϭϬϰ
ǀĂůƵĂƟŽŶ ŽĨ ^& ŵĂƌŬĞƌƐ ƌĞǀĞĂůĞĚ ƚŚĂƚ ŚŝŐŚ ŶĞƵƚƌŽƉŚŝů ĐŽƵŶƚƐ ƐƚƌŽŶŐůǇ 
ƉƌĞĚŝĐƚĞĚ ŵŽƌƚĂůŝƚǇ͕ ǁŚŝůĞ ǁĞ ĚŝĚ ŶŽƚ ĮŶĚ ĂŚŝŐŚĞƌ ĨƌĂĐƟŽŶ ŽĨ ŶĞƵƚƌŽƉŚŝůƐ 
ŝŶ ƉĂƟĞŶƚƐ ǁŝƚŚ Ă ƐŚŽƌƚ ĚƵƌĂƟŽŶ ŽĨ ĚŝƐĞĂƐĞ ;ĚĂƚĂ ŶŽƚ ƐŚŽǁŶͿ͕ ƵŶůŝŬĞ ŽŶĞ 
ĞĂƌůŝĞƌ ĐĂƐĞ ƐĞƌŝĞƐ͘ϴϴEĞƵƚƌŽƉŚŝůƐ ĂƌĞ ĐĂƉĂďůĞ ŽĨ ŬŝůůŝŶŐ M.tuberculosis ďƵƚ 
ŵĂǇ ĂůƐŽ ƉůĂǇ Ă ĚĞƚƌŝŵĞŶƚĂů ƌŽůĞ ŝŶ ƚƵďĞƌĐƵůŽƐŝƐ͘Ϯϳ >ŝŬĞ ŝŶ ƚŚĞ ůƵŶŐ͕ϭϬϱ 
M.tuberculosis ĐĂŶ ĂůƐŽ ŝŶĨĞĐƚ ŶĞƵƚƌŽƉŚŝůƐ ŝŶ ƚŚĞ ^&͘ ϭϬϲ /ŶƚĞƌĞƐƟŶŐůǇ͕ Ă ŚŝŐŚĞƌ 
ƉƌŽƉŽƌƟŽŶ ŽĨ ^& ŶĞƵƚƌŽƉŚŝůƐ ǁĂƐ ĂƐƐŽĐŝĂƚĞĚ ǁŝƚŚ ^& ĐƵůƚƵƌĞ ƉŽƐŝƟǀŝƚǇ 
ŝŶ ƐƚƵĚŝĞƐ ĨƌŽŵ sŝĞƚŶĂŵϭϬϳ ĂŶĚ ƌĂǌŝůϭϬϴ ĂŶĚǁŝƚŚ ƚŚĞ ŽĐĐƵƌƌĞŶĐĞ ŽĨ /Z/^ ŝŶ 





ŝŶ dDͲĂƐƐŽĐŝĂƚĞĚ ĚĞĂƚŚ͕ ĂƐ ŚŝŐŚĞƌ ^& ŶĞƵƚƌŽƉŚŝů ĐŽƵŶƚƐ ŵŝŐŚƚ ĂůƐŽ ďĞ ĂŶ 
ĞƉŝƉŚĞŶŽŵĞŶŽŶ ŽĨ ƵŶĨĂǀŽƵƌĂďůĞ ďŝŽůŽŐŝĐĂů ƉƌŽĐĞƐƐĞƐ ƚĂŬŝŶŐ ƉůĂĐĞ ĚƵƌŝŶŐ 
dD͘ůĞĂƌůǇ͕ƚŚĞƉŽƐƐŝďůĞĚĞƚƌŝŵĞŶƚĂůƌŽůĞŽĨŶĞƵƚƌŽƉŚŝůƐŝŶƉĂƟĞŶƚƐǁŝƚŚdD
ŶĞĞĚƐŵŽƌĞƐƚƵĚǇ ͘
tĞ ĐŽŶĮƌŵĞĚ ƚŚĂƚ Ă ůŽǁ ^& ƚŽ ďůŽŽĚ ŐůƵĐŽƐĞ ƌĂƟŽ ǁĂƐ ĂƐƐŽĐŝĂƚĞĚ ǁŝƚŚ 
ŵŽƌƚĂůŝƚǇ͕ ŝŶ ůŝŶĞ ǁŝƚŚ ƐĞƉƐŝƐ ƐƚƵĚŝĞƐ ůŝŶŬŝŶŐ ĐĞůůƵůĂƌ ŵĞƚĂďŽůŝƐŵ ĂŶĚ 
ĚĞĂƚŚ͘ϭϬϵKƵƌƐƚƵĚǇĂůƐŽƐƵƉƉŽƌƚƐŝŶƚĞŶƐŝĮĞĚĂŶƟďŝŽƟĐƚƌĞĂƚŵĞŶƚĂƐĂďĞŶĞĮ
ĐŝĂů ƐƚƌĂƚĞŐǇ͕ ĂƐ ƉĂƟĞŶƚƐ ǁŝƚŚ Ă ^& ĐƵůƚƵƌĞ ƉŽƐŝƟǀĞ ĨŽƌM.tuberculosis 
ŚĂĚĂ ϯϳйŝŶĐƌĞĂƐĞĚŚĂǌĂƌĚĨŽƌŵŽƌƚĂůŝƚǇ͘    
/ŶĂƌĞĐĞŶƚƌĂŶĚŽŵŝǌĞĚĐŽŶƚƌŽůůĞĚƚƌŝĂů,    ǁĞ 
fŽƵŶĚƚŚĂƚŚŝŐŚͲĚŽƐĞƌŝĨĂŵƉŝĐŝŶĂĚŵŝŶŝƐƚĞƌĞĚŝŶƚƌĂǀĞŶŽƵƐůǇ͕ƚŽĐŽŵƉĞŶƐĂƚĞĨŽƌ
ƉŽŽƌ^&ƉĞŶĞƚƌĂƟŽŶŽĨƌŝĨĂŵƉŝĐŝŶ͕ǁĂƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚƌĞĚƵĐĞĚŵŽƌƚĂůŝƚǇ 
;,Z͕Ϭ͘ϰϮ͖ϵϱй/͕ ͘Ϯʹ͘ϵϭͿ͘ϭϭ  ůĂƌŐĞƌ ƌĂŶĚŽŵŝǌĞĚĐŽŶƚƌŽůůĞĚ ƚƌŝĂů ŝŶ  sŝĞƚŶĂŵ 
ĨĂŝůĞĚƚŽƐĞĞĂŶĞīĞĐƚŽĨĂŚŝŐŚĞƌĚŽƐĞŽĨŽƌĂůƌŝĨĂŵƉŝĐŝŶ͕ϰďƵƚƚŚŝƐŵĂǇŚĂǀĞ 
ďĞĞŶĚƵĞƚŽƚŚĞŵŽĚĞƐƚĚŽƐĞŝŶĐƌĞĂƐĞŝŶƚŚĂƚƐƚƵĚǇ͘ϲϰ
/ƚ ǁĂƐ ƌĞĐĞŶƚůǇ ƐŚŽǁŶ ƚŚĂƚ Ă ƉŽůǇŵŽƌƉŚŝƐŵ ŝŶ >dϰ, ĐŽƌƌĞůĂƚĞĚ ǁŝƚŚ ^& 
ůĞƵŬŽĐǇƚĞĐŽƵŶƚĂŶĚƐƵƌǀŝǀĂůĂŵŽŶŐϭϴϮsŝĞƚŶĂŵĞƐĞƉĂƟĞŶƚƐǁŝƚŚdD ϵ͘ϭdŚŝƐ 
ƐĂŵĞ >dϰ, ŐĞŶŽƚǇƉĞǁĂƐ ŶŽƚ ĂƐƐŽĐŝĂƚĞĚ ǁŝƚŚ ^& ůĞƵŬŽĐǇƚĞ ĐŽƵŶƚ Žƌ ǁŝƚŚ 
ƐƵƌǀŝǀĂů ŝŶŽƵƌŐĞŶŽƚǇƉĞĚĐŽŚŽƌƚŽĨϰϮϳƉĂƟĞŶƚƐ͕ ŝŶĐůƵĚŝŶŐĂŌĞƌĐŽƌƌĞĐƟŽŶ 
ĨŽƌ ƉŽƐƐŝďůĞ ĐŽŶĨŽƵŶĚŝŶŐ ĨĂĐƚŽƌƐ͕ ƐƵĐŚ ĂƐ ĚŝƐĞĂƐĞ ƐĞǀĞƌŝƚǇ͕ ĂƐ ŵĞĂƐƵƌĞĚ ďǇ 
'^ ƐĐŽƌĞ͘ >ĂƚĞ ƉƌĞƐĞŶƚĂƟŽŶ͕ ǁŚŝĐŚ ŝŶĐƌĞĂƐĞƐ ŵŽƌƚĂůŝƚǇ͕ ŵŝŐŚƚ ĐŽŶĨŽƵŶĚ Ă
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ƉĂƟĞŶƚƐǁŝƚŚŵŝůĚĞƌ ĚŝƐĞĂƐĞ͘ dŚŽƐĞǁŝƚŚ ƚŚĞ dd ŐĞŶŽƚǇƉĞ ƐŚŽǁĞĚ Ă ƚƌĞŶĚ
ƚŽǁĂƌĚ ďĞƩĞƌ ƐƵƌǀŝǀĂů͕ ƐŽ ĂŶ ĞīĞĐƚ ŝŶ ƚŚŝƐ ƐƵďŐƌŽƵƉ ĐĂŶŶŽƚ ďĞ ĞǆĐůƵĚĞĚ͘
hŶůŝŬĞƚŚĞsŝĞƚŶĂŵƐƚƵĚǇ͕ǁĞĐŽƵůĚŶŽƚƐƚƌĂƟĨǇƚŚĞĞīĞĐƚŽĨ>dϰ,ŐĞŶŽƚǇƉĞ




ƚŚŝƐ ƐƉĞĐŝĮĐ ĂƐƐŽĐŝĂƟŽŶ ŽƵƚƐŝĚĞ ĂƐƚ ƐŝĂ͕ ŽǁŝŶŐ ƚŽ Ă ůŽǁĞƌ ƉƌĞǀĂůĞŶĐĞ ŽĨ













ŽĨ ŝŵŵƵŶŽƉĂƚŚŽůŽŐǇ ĂŶĚ ŚĞůƉ ŝĚĞŶƟĨǇ ƚĂƌŐĞƚƐŽƌ ŐĞŶĞƟĐ ŵĂƌŬĞƌƐ ƚŽ ŐƵŝĚĞ
ŚŽƐƚͲĚŝƌĞĐƚĞĚƚŚĞƌĂƉǇŝŶƉĂƟĞŶƚƐǁŝƚŚdD͘
Supplementary Data
^ƵƉƉůĞŵĞŶƚĂƌǇŵĂƚĞƌŝĂůƐ ĂƌĞ ĂǀĂŝůĂďůĞ Ăƚ dŚĞ :ŽƵƌŶĂů ŽĨ /ŶĨĞĐƟŽƵƐŝƐĞĂƐĞƐ
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ŶĞƵƌŽůŽŐǇ ƌĞƐŝĚĞŶƚƐ͕ ĨŽƌ ŵŽŶŝƚŽƌŝŶŐ ƉĂƟĞŶƚƐ͖ WƌŽĨĞƐƐŽƌ :ĞůůĞ 'ŽĞŵĂŶ͕ ĨŽƌ
ƐƚĂƟƐƟĐĂů ĂĚǀŝĐĞ͖ ĂŶĚ ƚŚĞ ĚŝƌĞĐƚŽƌ ŽĨ ,ĂƐĂŶ ^ĂĚŝŬŝŶ 'ĞŶĞƌĂů ,ŽƐƉŝƚĂů͕ ĨŽƌ
ĂĐĐŽŵŵŽĚĂƟŶŐ ƚŚĞ ƌĞƐĞĂƌĐŚ͘͘ ǀ͘  >͕͘ ^͘ ͕͘ ĂŶĚ ͘ Z͘ ƉĞƌĨŽƌŵĞĚ ƐƚĂƟƐƟĐĂů
ĂŶĂůǇƐĞƐ͘͘,͘ǁĂƐƚŚĞĮĞůĚƉŚǇƐŝĐŝĂŶĨŽƌŵŽƐƚŽĨƚŚĞƌĞƐĞĂƌĐŚƉĞƌŝŽĚ͕ƵŶĚĞƌƚŚĞ








ŽĨƌƚƐĂŶĚ^ĐŝĞŶĐĞƐ ;ϬϵͲWͲϭϰ ƚŽZ͘ ǀ͘ Ϳ͕ ƚŚĞEĞƚŚĞƌůĂŶĚƐKƌŐĂŶŝǌĂƟŽŶ ĨŽƌ
,ĞĂůƚŚ ZĞƐĞĂƌĐŚ ĂŶĚ ĞǀĞůŽƉŵĞŶƚ ;ĨĞůůŽǁƐŚŝƉ ƚŽ Z͘ ǀ͘  ͘Ϳ͕ƚŚĞ EĞƚŚĞƌůĂŶĚƐ
&ŽƵŶĚĂƟŽŶ ĨŽƌ ^ĐŝĞŶƟĮĐ ZĞƐĞĂƌĐŚ ;s// ŐƌĂŶƚ Ϭϭϳ͘ϭϬϲ͘ϯϭϬ ƚŽ Z͘ ǀ͘  ͘Ϳ͖ ƚŚĞ
ŝƌĞŬƚŽƌĂƚ:ĞŶĚƌĂůWĞŶĚŝĚŝŬĂŶdŝŶŐŐŝ;WW>EĨĞůůŽǁƐŚŝƉƚŽ^͘͘Ϳ͕ƚŚĞƵƌŽƉĞĂŶ
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Brain MRI ﬁndings in relation to clinical 
characteristics and outcome of tuberculous
meningitis
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ĨƌĞƋƵĞŶƚ ƌĂĚŝŽůŽŐŝĐĂůǁŽƌƐĞŶŝŶŐĚƵƌŝŶŐ ƚƌĞĂƚŵĞŶƚ͘DŽƌĞ ƐƚƵĚǇ ŝƐ ŶĞĞĚĞĚ ƚŽ
ĞƐƚĂďůŝƐŚ ƚŚĞ ƌĞůĞǀĂŶĐĞ ŽĨ ƐƉĞĐŝĮĐ DZ/ ĮŶĚŝŶŐƐ ĨŽƌ ƉĂƟĞŶƚ ŽƵƚĐŽŵĞ͘ DZ/Ɛ
ĐŽƵůĚŚĞůƉĐŚĂƌĂĐƚĞƌŝǌĞŝŵŵƵŶŽƉĂƚŚŽůŽŐǇŝŶĚƌƵŐƚƌŝĂůƐŽƌƐƚƵĚŝĞƐĨŽĐƵƐŝŶŐŽŶ
ĚĞǀĞůŽƉŵĞŶƚŽĨŶĞǁŚŽƐƚͲĚŝƌĞĐƚĞĚƐƚƌĂƚĞŐŝĞƐĨŽƌdD͘
tĞ ƉĞƌĨŽƌŵĞĚ ŵĂŐŶĞƟĐ ƌĞƐŽŶĂŶĐĞ ŝŵĂŐŝŶŐ ;DZ/Ϳ ƚŽ ĐŚĂƌĂĐƚĞƌŝƐĞ
ŶĞƵƌŽƌĂĚŝŽůŽŐŝĐĂů ƉĂƩĞƌŶƐ Ăƚ ƚŚĞ ƟŵĞ ŽĨ ĚŝĂŐŶŽƐŝƐ ĂŶĚ ĂŌĞƌ Ϯ ŵŽŶƚŚƐ d
ƚƌĞĂƚŵĞŶƚ ƉƌŽƐƉĞĐƟǀĞůǇ ŝŶ ĂĚƵůƚ dDƉĂƟĞŶƚƐ ŝŶ /ŶĚŽŶĞƐŝĂ͕ ĂŶĚ ĂƐƐŽĐŝĂƚĞĚ
ĮŶĚŝŶŐƐǁŝƚŚĐůŝŶŝĐĂůƉĂƌĂŵĞƚĞƌƐ͕ƌĞƐƉŽŶƐĞƚŽƚƌĞĂƚŵĞŶƚ͕ƉĂƌĂĚŽǆŝĐĂůƌĞĂĐƟŽŶƐ





;ϳϳйͿ͕ ďƌĂŝŶ ŝŶĨĂƌĐƟŽŶ ;ϲϬйͿ ĂŶĚ ŚǇĚƌŽĐĞƉŚĂůƵƐ ;ϱϲ͘ϯйͿ͘ dƵďĞƌĐƵůŽŵĂƐ
ǁĞƌĞ ĂƐƐŽĐŝĂƚĞĚ ǁŝƚŚ ŵŽƚŽƌ ĚĞĨĞĐƚƐ ǁŚŝůĞ ŵĞŶŝŶŐĞĂů ĞŶŚĂŶĐĞŵĞŶƚ ĂŶĚ
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Introduction
DĞŶŝŶŐŝƟƐ ŝƐ ƚŚĞ ŵŽƐƚ ƐĞǀĞƌĞ ŵĂŶŝĨĞƐƚĂƟŽŶ ŽĨ ƚƵďĞƌĐƵůŽƐŝƐ ;dͿ͕ ĐĂƵƐŝŶŐ
ĚĞĂƚŚŽƌ ĚŝƐĂďŝůŝƚǇ ŝŶ ƵƉ ƚŽ ϱϬйŽĨ ƚŚŽƐĞ ĂīĞĐƚĞĚ͘ϲ ƵƌŝŶŐ ƚŚĞďĂĐƚĞƌĂĞŵŝĂ
ƉŚĂƐĞ͕DǇĐŽďĂĐƚĞƌŝƵŵƚƵďĞƌĐƵůŽƐŝƐ ŝƐŚǇƉŽƚŚĞƐŝǌĞĚƚŽĚŝƐƐĞŵŝŶĂƚĞŵĂŝŶůǇƚŽ
ŚŝŐŚůǇŽǆǇŐĞŶĂƚĞĚĂƌĞĂ͕ ŝŶĐůƵĚŝŶŐ ƚŚĞďƌĂŝŶ͕ǁŚĞƌĞ ŝƚĚĞǀĞůŽƉƐŐƌĂŶƵůŽŵĂƐ͘ϱ
d ŵĞŶŝŶŐŝƟƐ ;dDͿ ŽĐĐƵƌƐ ĂƐ ƌĞƐƵůƚ ŽĨ ƌƵƉƚƵƌĞ ŽĨ ŵĞŶŝŶŐĞĂů Žƌ ƉĂƌĂͲ
ŵĞŶŝŶŐĞĂů ŐƌĂŶƵůŽŵĂƚŽƵƐ ůĞƐŝŽŶƐ ĞƐƚĂďůŝƐŚĞĚ ŝŶ ƚŚĞ ƐƵďĂƌĂĐŚŶŽŝĚ ƐƉĂĐĞ͘
/ŶŇĂŵŵĂƟŽŶ ŽĨ ƉĞŶĞƚƌĂƟŶŐ ĂƌƚĞƌŝĞƐ͕ ĞŶƚƌĂƉŵĞŶƚ ŽĨ ĐƌĂŶŝĂů ŶĞƌǀĞƐ ĂŶĚ
ƚŚĞ ǀĞŶƚƌŝĐƵůĂƌ ƐǇƐƚĞŵ͕ ůĞĂĚŝŶŐ ƚŽ ƐƚƌŽŬĞ͕ ĐƌĂŶŝĂů ŶĞƌǀĞ ƉĂůƐǇ ƌĞƐƉĞĐƟǀĞůǇ
ĐŽŵŵƵŶŝĐĂƟŶŐŚǇĚƌŽĐĞƉŚĂůƵƐ͘ϱ͕ϮϵƐƐƵĐŚ͕ƚŚĞůŽĐĂůŝƐĂƟŽŶ͕ĞǆƚĞŶƚĂŶĚŶĂƚƵƌĞ
ŽĨ ƚŚĞ ŝŶŇĂŵŵĂƚŽƌǇ ƉƌŽĐĞƐƐ ƉƌŽďĂďůǇ ŚĂǀĞ Ă ŵĂũŽƌ ĞīĞĐƚ ŽŶ ƚŚĞ ĐůŝŶŝĐĂů
ŵĂŶŝĨĞƐƚĂƟŽŶƐĂŶĚŽƵƚĐŽŵĞŽĨdD͘
/ŵĂŐŝŶŐ ƉůĂǇƐ Ă ŵĂũŽƌ ƌŽůĞ ŝŶ ĚĞƚĞĐƟŽŶ ŽĨ ďƌĂŝŶ ĂďŶŽƌŵĂůŝƟĞƐ ƌĞůĂƚĞĚ ƚŽ





WƌŝŽƌ ƚŽ ŶĞƵƌŽŝŵĂŐŝŶŐ ĨĂĐŝůŝƟĞƐ͕ ŽƵƌ ƵŶĚĞƌƐƚĂŶĚŝŶŐ ŽĨ ƚŚĞ ƉĂƚŚŽůŽŐǇ ĂŶĚ
ƉĂƚŚŽŐĞŶĞƐŝƐ ŽĨ dD ǁĂƐ ĚĞƉĞŶĚĞĚ ŽŶ ĂƵƚŽƉƐǇ͘ ŽŵƉƵƚĞĚ ƚŽŵŽŐƌĂƉŚǇ
;dͿͲƐĐĂŶŶŝŶŐ ŚĂƐ ŝŶĐƌĞĂƐĞĚ ŽƵƌ ƵŶĚĞƌƐƚĂŶĚŝŶŐ ĂŶĚ ŚĂƐ ĂůƐŽ ƐĞƌǀĞĚ ĂƐ Ă
ĚŝĂŐŶŽƐƟĐƚŽŽůĂŶĚĂƐĂŵĞĂŶƐƚŽŵŽŶŝƚŽƌƚƌĞĂƚŵĞŶƚ͘DZ/ŚĂƐĂŵƵĐŚŚŝŐŚĞƌ




^ĞǀĞƌĂů ĨĂĐƚŽƌƐ ŐŽǀĞƌŶ ƚŚĞ ŝŵĂŐĞ ƋƵĂůŝƚǇ ŽĨ DZ/͕ ŝŶĐůƵĚŝŶŐ ƐŝŐŶĂůͲƚŽͲŶŽŝƐĞ
ƌĂƟŽ;^EZͿƚŚĂƚƌĞůĂƚĞĚƚŽƐůŝĐĞƚŚŝĐŬŶĞƐƐĂŶĚƚŚĞƉĂƟĞŶƚƐ͛ĂďŝůŝƚǇƚŽĐŽŵƉůǇƚŽ
ŵŽƟŽŶůĞƐƐƉŽƐƚƵƌĞĚƵƌŝŶŐĞǆĂŵŝŶĂƟŽŶ͕ƚŚƵƐƉƌĞǀĞŶƚĂŶǇƐĐĂŶĂƌƚĞĨĂĐƚƐ͘ϭϭϲ͕ϭϭϳ
/ŶĂĚĚŝƟŽŶ͕ ƚŚĞƐĞƋƵĞŶĐĞƵƐĞĚ ŝŶ ƚŚĞƉƌŽƚŽĐŽůĂŶĚ ƌĞĂĚŝŶŐŵĞƚŚŽĚƐ ŝƐĂůƐŽ
ŝŵƉŽƌƚĂŶƚ͘ϭϭϲ 'ĂĚŽůŝŶŝƵŵͲĞŶŚĂŶĐĞĚ ĂǆŝĂů dϭ ƚǁŽͲĚŝŵĞŶƐŝŽŶ ƐƉŝŶ ĞĐŚŽ ;ϮͲ
^ͿŝƐŽŶĞŽĨƚŚĞŵŽƐƚŝŵƉŽƌƚĂŶƚƐĞƋƵĞŶĐĞĂŶĚĐŽŵŵŽŶůǇƵƐĞĚŝŶĚĞƚĞĐƟŶŐ
ŶĞƵƌŽƌĂĚŝŽůŽŐŝĐĂů ƉĂƚŚŽůŽŐǇ ĞƐƉĞĐŝĂůůǇ ŝŶ ĐĞŶƚƌĂů ŶĞƌǀŽƵƐ ƐǇƐƚĞŵ ;E^Ϳ
ŝŶĨĞĐƟŽŶĐĂƐĞƐ͘ ,ŽǁĞǀĞƌ͕  ŝƚŚĂƐ ĐĞƌƚĂŝŶ ůŝŵŝƚĂƟŽŶƐ͕Ğ͘Ő͕͘ ƐůŝĐĞƐ ƚŚŝŶŶĞƌ ƚŚĂŶ
6
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ϭŵŵŽƌ ůĞƐƐƚŚŝĐŬŶĞƐƐƐůŝĐĞƐǁŚĂƚ ŝƐŵŽƌĞĂďůĞƚŽǇŝĞůĚĂŶ ŝŵĂŐĞǁŝƚŚŚŝŐŚ
ƟƐƐƵĞ ĐŽŶƚƌĂƐƚ ĂŶĚŚŝŐŚĞƌ ƐƉĂƟĂů ƌĞƐŽůƵƟŽŶ ƚŚĂŶϮͲ^ϭϭϴ͕ϭϭϵ ĚŵŝŶŝƐƚƌĂƟŽŶ
ŽĨ ŐĂĚŽůŝŶŝƵŵ ;'ĚͿͲĚŝĞƚŚǇůĞŶĞƚƌŝĂŵŝŶĞƉĞŶƚĂĂĐĞƟĐ ĂĐŝĚ ;dWͿ ĂůůŽǁƐ ŝƚ
ǀŝƐƵĂůŝǌĂƟŽŶŽĨ ƚŚĞĞŶŚĂŶĐĞŵĞŶƚŽĨ ŝŶŇĂŵĞĚŵĞŶŝŶŐĞƐ͘ϭϮϬ ŚĂƌĂĐƚĞƌŝǌĂƟŽŶ
ŽĨƚŚĞDZ/ĐŚĂŶŐĞƐŽǀĞƌĂƉĞƌŝŽĚŽĨƟŵĞĞŶĂďůĞƐĂŶŽďƐĞƌǀĂƟŽŶŽĨĂĚĞƋƵĂƚĞ
ƌĞƐƉŽŶƐĞ Žƌ ƉĂƌĂĚŽǆŝĐĂů ƌĞĂĐƟŽŶ ƚŽ ĂŶƟƚƵďĞƌĐƵůŽƟĐ ƚƌĞĂƚŵĞŶƚ͕ ĂƐ ǁĞůů ĂƐ
ĚŝƐĞĂƐĞƉƌŽŐƌĞƐƐŝŽŶǁŚŝĐŚĨĂĐŝůŝƚĂƚĞƐŝŶƐƚƌĞŶŐƚŚĞŶŝŶŐƉƌĞƐƵŵƉƟǀĞĚŝĂŐŶŽƐŝƐ͘
/Ŷ ƚŚŝƐ ƐƚƵĚǇ͕  ǁĞ ƵƐĞĚ ϯDWͲZ'DZ/ ďĞƐŝĚĞƐ ƚŚĞ ďĂƐŝĐ Ϯ ƉƌŽƚŽĐŽů ƚŽ
ĞǆĂŵŝŶĞƚŚĞŶĞƵƌŽƌĂĚŝŽůŽŐŝĐĂůƉĂƩĞƌŶƐ͕ĂŶĚƚŚĞŶĂƐƐŽĐŝĂƚĞĚŶĞƵƌŽƌĂĚŝŽůŽŐŝĐĂů
ĮŶĚŝŶŐƐ ƚŽ ĐůŝŶŝĐĂů ĐŚĂƌĂĐƚĞƌŝƐƟĐƐ ĂŶĚ ŽƵƚĐŽŵĞ ŝŶ Ă ƉƌŽƐƉĞĐƟǀĞ ĐŽŚŽƌƚ ŽĨ
ĐůŝŶŝĐĂůůǇǁĞůůͲĐŚĂƌĂĐƚĞƌŝƐĞĚdDƉĂƟĞŶƚƐŝŶ/ŶĚŽŶĞƐŝĂ͘
Methods
Setting, patients and follow-up
&Žƌ ƚŚŝƐ ƐƚƵĚǇ ǁĞ ŝŶĐůƵĚĞĚ ĐŽŶƐĞĐƵƟǀĞ ƉĂƟĞŶƚƐ ĞŶƌŽůůĞĚ ŝŶ Ă ĚŽƵďůĞͲďůŝŶĚ
ƌĂŶĚŽŵŝǌĞĚ ĐůŝŶŝĐĂů ƚƌŝĂů ŽŶ ŚŝŐŚ ĚŽƐĞ ƌŝĨĂŵƉŝĐŝŶ ĨŽƌ ƚƵďĞƌĐƵůŽƵƐŵĞŶŝŶŐŝƟƐ
;ůŝŶŝĐĂůdƌŝĂů͘ŐŽǀ ŶƵŵďĞƌEdϬϮϭϲϵϴϴϮͿ ďĞƚǁĞĞŶĞĐĞŵďĞƌ ϮϬϭϰ ĂŶĚ :ƵŶĞ
ϮϬϭϲ ŝŶ ,ĂƐĂŶ ^ĂĚŝŬŝŶ ,ŽƐƉŝƚĂů͕ ĂŶĚƵŶŐ͕ /ŶĚŽŶĞƐŝĂͶƚŚĞ ƌĞĨĞƌƌĂů ŚŽƐƉŝƚĂů
ĨŽƌƚŚĞƉƌŽǀŝŶĐĞŽĨtĞƐƚ:ĂǀĂ͘WĂƟĞŶƚƐĂďŽǀĞϭϰǇĞĂƌƐŽĨĂŐĞǁŝƚŚƐŝŐŶƐĂŶĚ
ƐǇŵƉƚŽŵƐŽĨƚƵďĞƌĐƵůŽƵƐŵĞŶŝŶŐŝƟƐ͕ĐŽŵďŝŶĞĚǁŝƚŚĂ^&ͬůŽŽĚŐůƵĐŽƐĞƌĂƟŽ
фϬ͘ϱĂŶĚ^& ůĞƵŬŽĐǇƚĞĐŽƵŶƚшϱ͕ĂŶĚǁŝƚŚŶĞŐĂƟǀĞ^& /ŶĚŝĂ /ŶŬĂŶĚ'ƌĂŵ
ƐƚĂŝŶŝŶŐǁĞƌĞŝŶĐůƵĚĞĚ͘^&ŵŝĐƌŽƐĐŽƉǇ;ŝĞŚůͲEĞĞůƐĞŶͿ͕ůŝƋƵŝĚD͘ƚƵďĞƌĐƵůŽƐŝƐ
ĐƵůƚƵƌĞ ;DK^Ϳ͕ ĂŶĚ 'ĞŶĞyƉĞƌƚ DdͬZ/& ǁĞƌĞ ĚŽŶĞ ŽŶ ůĂƌŐĞ ;хϱ ĐĐͿ ^&
ƐĂŵƉůĞƐ͘ϲϴ ĚĞƚĂŝůĞĚŵĞĚŝĐĂůŚŝƐƚŽƌǇĂŶĚĐůŝŶŝĐĂůĞǆĂŵŝŶĂƟŽŶǁĂƐƉĞƌĨŽƌŵĞĚ͕
ŝŶĐůƵĚŝŶŐ'ůĂƐŐŽǁŽŵĂ^ĐĂůĞ;'^Ϳ͕ĂƐƐĞƐƐŵĞŶƚŽĨĐƌĂŶŝĂůŶĞƌǀĞƉĂůƐǇ;EWͿ
ĂŶĚ ŵŽƚŽƌ ĂďŶŽƌŵĂůŝƟĞƐ͘ ůŽŽĚ ĂŶĚ ^& ŝŶŇĂŵŵĂƚŽƌǇ ŵĂƌŬĞƌƐ ĂŶĚ ĐŚĞƐƚ
yͲƌĂǇĂďŶŽƌŵĂůŝƟĞƐǁĞƌĞĂƐƐĞƐƐĞĚĂƚƟŵĞŽĨĂĚŵŝƐƐŝŽŶďĞĨŽƌĞƐƚĂƌƚŽĨĂŶƟͲ
ƚƵďĞƌĐƵůŽƵƐĚƌƵŐƐ͘
dD ǁĂƐ ƚƌĞĂƚĞĚ ǁŝƚŚ Ă ĐŽŵďŝŶĂƟŽŶ ŽĨ ƌŝĨĂŵƉŝĐŝŶ͕ ŝƐŽŶŝĂǌŝĚ͕ ĞƚŚĂŵďƵƚŽů
ĂŶĚ ƉǇƌĂǌŝŶĂŵŝĚĞ ĨŽƌ Ăƚ ůĞĂƐƚ ϲŵŽŶƚŚƐ͘ ůů ƉĂƟĞŶƚƐǁĞƌĞ ŐŝǀĞŶ ĂĚũƵŶĐƟǀĞ
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d ƚƌĞĂƚŵĞŶƚ͕ǁŚŝůĞ ƚŚĞƐĞĐŽŶĚŽŶĞĂŌĞƌϮŵŽŶƚŚƐ ;ƉůƵƐŽƌŵŝŶƵƐϭǁĞĞŬͿ
ƵƐŝŶŐƚŚĞϭ͘ϱdĞƐůĂƐǇƐƚĞŵƐ;DĂŐŶĞƚŽŵƐƐĞŶǌĂ͕^ ŝĞŵĞŶƐ,ĞĂůƚŚĐĂƌĞ͕h^͘dŚĞ
DZ/ƐĞƋƵĞŶĐĞƐŝŶĐůƵĚĞĚdϭƐƉŝŶĞĐŚŽ͕ĂǆŝĂůdϮƚƵƌďŽƐƉŝŶĞĐŚŽ͕ĂǆŝĂůdϮŇƵŝĚ
ĂƩĞŶƵĂƟŽŶ ŝŶǀĞƌƐŝŽŶ ƌĞĐŽǀĞƌǇ ;&>/ZͿ ĂŶĚ ĂǆŝĂů ĚŝīƵƐŝŽŶǁĞŝŐŚƚĞĚ ŝŵĂŐŝŶŐ
;t/ͿͲĂƉƉĂƌĞŶƚĚŝīƵƐŝŽŶĐŽĞĸĐŝĞŶƚ;Ϳ͕ĂǆŝĂůdϮŐƌĂĚŝĞŶƚĞĐŚŽ;'ZͿǁŝƚŚ
ĂŶĚǁŝƚŚŽƵƚ ĐŽŶƚƌĂƐƚŵĞĚŝĂ͕ ĂŶĚ ĂǆŝĂů dϭ ϯŵĂŐŶĞƟǌĂƟŽŶͲƉƌĞƉĂƌĞĚ ƌĂƉŝĚ
ŐƌĂĚŝĞŶƚͲĞĐŚŽ ;DWͲZ'Ϳ ;ŝƐŽƚƌŽƉŝĐͿ ǁŝƚŚ ĂŶĚǁŝƚŚŽƵƚ ŝŶƚƌĂǀĞŶŽƵƐ ĐŽŶƚƌĂƐƚ










ŽĨ ĞŶŚĂŶĐĞŵĞŶƚ ŽĨ ƚŚĞ ůĞƉƚŽŵĞŶŝŶŐĞƐ͕ ĂŶĚ ƉƌĞƐĞŶĐĞ ŽĨ ŚǇĚƌŽĐĞƉŚĂůƵƐ͕
ƚƵďĞƌĐƵůŽŵĂƐ͕ ďƌĂŝŶ ŝŶĨĂƌĐƟŽŶ ĂŶĚ ĐƌĂŶŝĂů ŶĞƌǀĞ ĞŶŚĂŶĐĞŵĞŶƚ͘ DĞŶŝŶŐĞĂů
ĞŶŚĂŶĐĞŵĞŶƚǁĂƐĚĞĮŶĞĚĂƐůŝŶĞĂƌŽƌŶŽĚƵůĂƌĞŶŚĂŶĐĞŵĞŶƚŽĨŵĞŶŝŶŐĞƐĂƚ
ĂǆŝĂůdϭƐƉŝŶĞĐŚŽǁŝƚŚĐŽŶƚƌĂƐƚŵĞĚŝĂŽƌdϭϯDWͲZ'ǁŝƚŚĐŽŶƚƌĂƐƚŵĞĚŝĂϭϮϭ
Ăƚ ŽŶĞ Žƌ ŵŽƌĞ ůŽĐĂƟŽŶƐ͗ ƚŚĞ ďĂƐĂů ŵĞŶŝŶŐĞƐ ;Ğ͘Ő͘ ďĂƐĂů ĐŝƐƚĞƌŶ͕ ĂŵďŝĞŶƚ
ĐŝƐƚĞƌŶ͕ ƋƵĂĚƌŝŐĞŵŝŶĂů ĐŝƐƚĞƌŶ͕ ƉƌĞƉŽŶƟŶĞ ĐŝƐƚĞƌŶ͕ ĐĞƌĞďĞůůŽƉŽŶƟŶĞ ĐŝƐƚĞƌŶ͕
6
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,ǇĚƌŽĐĞƉŚĂůƵƐ ǁĂƐ ƉƌĞƐĞŶƚ ŝĨ ŽŶĞ Žƌ ŵŽƌĞ ŽĨ ƚŚĞ ĨŽůůŽǁŝŶŐ ǁĞƌĞ ƉƌĞƐĞŶƚ͗
ĚŝůĂƚĞĚ ƚĞŵƉŽƌĂů ŚŽƌŶƐ ŽĨ ůĂƚĞƌĂů ǀĞŶƚƌŝĐůĞƐ͖ ďĂůůŽŽŶŝŶŐ ŽĨ ĨƌŽŶƚĂů ŚŽƌŶƐ
ŽĨ ůĂƚĞƌĂů ǀĞŶƚƌŝĐůĞ͖ ďĂůůŽŽŶŝŶŐ ŽĨ ƚŚŝƌĚ ǀĞŶƚƌŝĐůĞ͖ ŶĂƌƌŽǁĞĚ ĐĂůůŽƐĂů ĂŶŐůĞ͖
ƉƌĞƐĞŶĐĞ ŽĨ ŇŽǁ ǀŽŝĚ ŝŶ dϮt ŝŵĂŐĞƐ Ăƚ ƚŚĞ ^ǇůǀŝĂŶ ĂƋƵĂĚƵĐƚƐ͘ϭϮϮ dŚĞ ƌĂƟŽ
ŽĨ ƚƌĂŶƐǀĞƌƐĞĚŝĂŵĞƚĞƌŽĨ ƚŚĞĂŶƚĞƌŝŽƌŚŽƌŶƐŽĨ ƚŚĞ ůĂƚĞƌĂů ǀĞŶƚƌŝĐůĞƐ ƚŽ ƚŚĞ
ŐƌĞĂƚĞƐƚŝŶƚĞƌŶĂůĚŝĂŵĞƚĞƌŽĨƚŚĞƐŬƵůů;ǀĂŶƐ͛ŝŶĚĞǆͿϭϮϯ ŽĨĞǀĞƌǇƉĂƟĞŶƚƐǁŝƚŚ
ĂŶĚǁŝƚŚŽƵƚ ŚǇĚƌŽĐĞƉŚĂůƵƐǁĞƌĞŵĞĂƐƵƌĞĚ ĂŶĚ ĐŽŵƉĂƌĞĚ͘ ŽŵŵƵŶŝĐĂƟŶŐ
ĂŶĚŶŽŶͲĐŽŵŵƵŶŝĐĂƟŶŐŚǇĚƌŽĐĞƉŚĂůƵƐǁĞƌĞĚĞĮŶĞĚďĂƐĞĚŽŶ ƚŚĞĂďƐĞŶĐĞ
ŽƌƉƌĞƐĞŶĐĞŽĨĂŶŽďƐƚƌƵĐƟŶŐůĞƐŝŽŶĂůŽŶŐƚŚĞŝŶƚƌĂǀĞŶƚƌŝĐƵůĂƌ^&ƉĂƚŚǁĂǇƐ͕





ĚŝīƵƐŝŽŶ ĂƉƉĞĂƌĂŶĐĞ ŽŶ t/Ͳ͘ϭϮϲͲϭϮϴ ĐƵƚĞ ŝŶĨĂƌĐƟŽŶƐ ǁĞƌĞ ĚĞĮŶĞĚ ĂƐ
ůĞƐŝŽŶƐ ǁŝƚŚ ƌĞƐƚƌŝĐƚĞĚ ĚŝīƵƐŝŽŶ ŽŶ t/Ͳ͕ ĂŶĚ ŝŶĐƌĞĂƐĞĚ dϮͲǁĞŝŐŚƚĞĚ
ĂŶĚ ŇƵŝĚͲĂƩĞŶƵĂƚĞĚ ŝŶǀĞƌƐŝŽŶ ƌĞĐŽǀĞƌǇ ;&>/ZͿ ƐŝŐŶĂů ŝŶƚĞŶƐŝƚǇ͘ϭϮϵ ŚƌŽŶŝĐ
ŝŶĨĂƌĐƟŽŶƐ ǁĞƌĞ ĚĞĮŶĞĚ ĂƐ ŚǇƉĞƌŝŶƚĞŶƐĞ ůĞƐŝŽŶƐ ŽŶ dϮ ͬ dϮ &>/Z ǁŝƚŚ ŶŽ
ƌĞƐƚƌŝĐƚĞĚĚŝīƵƐŝŽŶŽŶt/Ͳ͘ϭϮϵ͕ϭϯϬdŚĞůŽĐĂƟŽŶŽĨƚŚĞŝŶĨĂƌĐƟŽŶǁĂƐĂůƐŽ
ƐƉĞĐŝĮĞĚĂƐĂƚ ĐĞƌĞďƌƵŵ͕ ĐĞƌĞďĞůůƵŵŽƌďƌĂŝŶ ƐƚĞŵ͘ĞƌĞďƌĂů ŝŶĨĂƌĐƟŽŶǁĂƐ






ƌĞƐƉŽŶƐĞƐ ǁĞƌĞ ĚĞĮŶĞĚ ĂƐ ǁŽƌƐĞŶŝŶŐ ŽĨ ƉƌĞͲĞǆŝƐƟŶŐ ƚƵďĞƌĐƵůŽƵƐ ůĞƐŝŽŶ Žƌ
ĂƉƉĞĂƌĂŶĐĞŽĨŶĞǁůĞƐŝŽŶƐ͕ŝŶƉĂƟĞŶƚƐǁŚŽƐĞĐŽŶĚŝƟŽŶŝŶŝƟĂůůǇŝŵƉƌŽǀĞĚǁŝƚŚ
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Data analyses and statistics
WĂƟĞŶƚ ĐŚĂƌĂĐƚĞƌŝƐƟĐƐ ǁĞƌĞ ƉƌĞƐĞŶƚĞĚ ĂƐ ŵĞĚŝĂŶƐ ;ŝŶƚĞƌƋƵĂƌƟůĞ ƌĂŶŐĞͿ Žƌ


















ƚ ďĂƐĞůŝŶĞ͕ ϰϱ ŽƵƚ ŽĨ ϰϴ ƉĂƟĞŶƚƐ ;ϵϰйͿ ƐŚŽǁĞĚDZ/ ĂďŶŽƌŵĂůŝƟĞƐ ;Table
6.1Ϳ͕ŵŽƐƚĐŽŵŵŽŶůǇŵĞŶŝŶŐĞĂůĞŶŚĂŶĐĞŵĞŶƚ͕ŵĂŝŶůǇŝŶƚŚĞďĂƐĂůŵĞŶŝŶŐĞƐ
ĂŶĚƐǇůǀŝĂŶĮƐƐƵƌĞ;Figure 6.1 A, B, CͿ͘dƵďĞƌĐƵůŽŵĂƐǁĞƌĞƚŚĞƐĞĐŽŶĚŵŽƐƚ
ĐŽŵŵŽŶĮŶĚŝŶŐƐ͕ŵŽƐƚŽĨƚŚĞŵĂŵŝůŝĂƌǇƚǇƉĞ;Figure 6.1-DͿ͘KŶůǇŽŶĞƉĂƟĞŶƚ
ŚĂĚĂƉƐĞƵĚŽͲĂďƐĐĞƐƐ;Figure 6.1-E1, E2, E3, E4Ϳ͕ǁŚŝůĞďƌĂŝŶŝŶĨĂƌĐƟŽŶƐǁĞƌĞ
ƐĞĞŶŝŶϮϵ;ϲϬйͿƉĂƟĞŶƚƐĂŶĚŵŽƐƚůǇĂĐƵƚĞƌĂƚŚĞƌƚŚĂŶĐŚƌŽŶŝĐ;Figure 6.1-F1, 
F2, F3Ϳ͘,ǇĚƌŽĐĞƉŚĂůƵƐǁĂƐĂůƐŽĐŽŵŵŽŶ;ϱϲйͿ͕ĂŶĚĂůůǁĞƌĞĐŽŵŵƵŶŝĐĂƟŶŐ
ƚǇƉĞ͕ ĐŚĂƌĂĐƚĞƌŝǌĞĚďǇĂďƌŽĂĚĞƌ ĐĂůůŽƐĂů ĂŶŐůĞ ;Figure 6.1-GͿ͕ ǀŽŝĚ ƐŝŐŶĂů ŝŶ
ƚŚĞĂƋƵĞĚƵĐƚ;Figure 6.1-HͿ͕ĂŶĚĚŝůĂƚĞĚƚĞŵƉŽƌĂůŚŽƌŶ;Figure 6.1-IͿ͕ďƌŽĂĚĞƌ
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Figure 6.1 Common baseline MRI ﬁndings in adults with tuberculous meningitis
F2 F3 
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tĞ   ŶĞǆƚ  ĞǆĂŵŝŶĞĚ  ƚŚĞ ĂƐƐŽĐŝĂƟŽŶ ďĞƚǁĞĞŶ DZ/ ĮŶĚŝŶŐƐ ĂŶĚ ĐůŝŶŝĐĂů
ĐŚĂƌĂĐƚĞƌŝƐƟĐƐ͘ dŚĞƌĞ   ǁĂƐ ĂŶ ĂƐƐŽĐŝĂƟŽŶ ďĞƚǁĞĞŶ ŶĞƵƌŽƌĂĚŝŽůŽŐŝĐĂů
ĂďŶŽƌŵĂůŝƟĞƐ ĂŶĚ ŵŽƚŽƌ ĚĞĮĐŝƚƐ͕ ĐƌĂŶŝĂů ŶĞƌǀĞ ƉĂůƐǇ͕  ŵŝĐƌŽďŝŽůŽŐŝĐĂů
ĐŽŶĮƌŵĂƟŽŶ͕ ĂŶĚ^& ĂďŶŽƌŵĂůŝƟĞƐ ;Table 6.2Ϳ͘ Ɛ ŽŶůǇ ϰ ;ϴ͘ϯйͿŽĨ ƉĂƟĞŶƚƐ
ǁĞƌĞ,/sͲŝŶĨĞĐƚĞĚ͕ŶŽƐĞƉĂƌĂƚĞĂŶĂůǇƐĞƐĨŽƌ,/sͲŝŶĨĞĐƟŽŶƐƚĂƚƵƐǁĞƌĞŵĂĚĞ͘
MRI ﬁndings after two months drug treatment





ďĞĐĂƵƐĞ ŽĨ ĂŵŽǀĞŵĞŶƚ ĂƌƚĞĨĂĐƚ͘ ŽŵƉĂƌĞĚ ƚŽ ďĂƐĞůŝŶĞ͕ Ϯϳ ƉĂƟĞŶƚƐ ;ϳϯйͿ
ŚĂĚ ŶĞǁ Žƌ ĞŶůĂƌŐĞĚ ďƌĂŝŶ ƚƵďĞƌĐƵůŽŵĂ ĂŶĚ Ϯϱ ;ϲϴйͿ ŚĂĚ ǁŽƌƐĞŶŝŶŐ ŽĨ
ŵĞŶŝŶŐĞĂůĞŶŚĂŶĐĞŵĞŶƚ;Figure 6.2ͿϲϬĚĂǇƐĂŌĞƌĂŶƟͲƚƵďĞƌĐƵůŽƐŝƐƚƌĞĂƚŵĞŶƚ









DZ/ ƐĐĂŶƐ ĂŌĞƌ ƚǁŽ ŵŽŶƚŚƐ ƉŽƐƚ ƚƌĞĂƚŵĞŶƚ ǁĂƐ ĂĚĚŝƟŽŶĂů Žƌ ĞŶůĂƌŐĞĚ
ƚƵďĞƌĐƵůŽŵĂƐ;ϵͬϭϯ͕ϲϵйͿ͘ƚƚŚĞƐĂŵĞƟŵĞ͕ǁĞŶŽƚĞĚŶĞǁĐůŝŶŝĐĂůƐŝŐŶƐ ŝŶ
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EĞǆƚ͕ǁĞ ůŽŽŬĞĚ ŝĨDZ/ĮŶĚŝŶŐƐǁĞƌĞ ƌĞůĂƚĞĚ ƚŽĐůŝŶŝĐĂůŽƵƚĐŽŵĞ͘Ɛ ƐŚŽǁŶ
ŝŶ Table 6.4͕ ƚŚĞƌĞ ǁĂƐ ŶŽ ƐƚĂƟƐƟĐĂů ĚŝīĞƌĞŶĐĞ ŝŶ ƚŚĞ ƐŝǆͲŵŽŶƚŚƐ ŽƵƚĐŽŵĞ
ŽĨ ƉĂƟĞŶƚƐ ǁŝƚŚ ĂŶĚ ǁŝƚŚŽƵƚ ďĂƐĞůŝŶĞ ƌĂĚŝŽůŽŐŝĐĂů ĂďŶŽƌŵĂůŝƟĞƐ͘ WĂƟĞŶƚƐ
ǁŝƚŚŚǇĚƌŽĐĞƉŚĂůƵƐƉƌĞƐĞŶƚŽŶƚŚĞŝƌďĂƐĞůŝŶĞDZ/ŚŽǁĞǀĞƌ͕ ŚĂĚĂƚĞŶĚĞŶĐǇ
ƚŽǁĂƌĚƐ Ă ŚŝŐŚĞƌ ƐŝǆͲŵŽŶƚŚ ŵŽƌƚĂůŝƚǇ ĂŶĚ ŵŽƌĞ ƐĞǀĞƌĞ ĚŝƐĂďŝůŝƚǇ͘ /Ŷ ŽǆͲ
ƌĞŐƌĞƐƐŝŽŶĂŶĂůǇƐĞƐ͕ǁĞĨŽƵŶĚƚŚĂƚďĂƐĞůŝŶĞŶĞƵƌŽŝŵĂŐŝŶŐĂďŶŽƌŵĂůŝƟĞƐǁĞƌĞ
ŶŽƚĂƐƐŽĐŝĂƚĞĚǁŝƚŚƐŝǆͲŵŽŶƚŚŵŽƌƚĂůŝƚǇ͘
WĂƌĂĚŽǆŝĐĂů ƌĞƐƉŽŶƐĞƐ͕ ĞŝƚŚĞƌ ĐůŝŶŝĐĂů ;ŶсϮͿ͕ ƌĂĚŝŽůŽŐŝĐĂů ;ŶсϮϬͿ Žƌ ĐůŝŶŝĐĂůͲ
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Figure 6.3 Paradoxical response with basal meningeal enhancement





Processed on: 17-9-2018 PDF page: 131
131Brain MRI ﬁndings in relation to clinical
6
Abnormality  Paradoxical worsening  No change Improving 
Meningeal 
enhancement 25 9 3
Tuberculoma 27 8 2
Hydrocephalus 2 23 12
Infarction 1 36 0
Cranial nerve 




Table 6.3 The neuroimaging changes after 60 days of treatment 
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Box 6.1 
Deﬁnition of Paradoxical Response 
General condition: 
Definite or probable tuberculous meningitis patients with: 
1. Initial improvement during anti-TB therapy 
2. > 28 days of treatment
3. Compliance to anti-tuberculosis treatment 
4. No anti-tuberculosis drugs resistance 
Who present with new or worsening clinical or radiological signs. 
Radiological paradoxical response 
Development of new or worsening lesions in radiological finding, including: 
v Hydrocephalus 
v New event of hydrocephalus either communicating or non-communication or worsening of pre-
existing one; or increasing area of trans ependymal leakage (periventricular edema) from the 
hydrocephalus. 
v Leptomeningeal enhancement 
v Formation of new leptomeningeal enhancement in other areas of subarachnoid spaces; or increasing 
(thickening) of the previous leptomeningeal enhancement. 
v Tuberculoma 
v Increasing size of previous tuberculoma; or new or additional formation of tuberculoma at different 
areas of the brain or subarachnoid spaces; or formation or increasing oedema surrounding the 
tuberculoma; or increasing mass effect from the tuberculoma such as increasing effacement of sulci 
and cisterns, increasing midline shift; or new or worsening sign of herniation. 
v Infarction 
New or additional formation of infarction whether it is new area of acute infarction or new area of 
chronic infarction. Acute infarction is defined as infarct lesion that gives restricted diffusion appearance 
on DWI-ADC sequence of the MRI. Chronic infarction is defined as infarct lesion that does not give 
restricted diffusion appearance on DWI-ADC sequence of the MRI.   including the formation of new 
infarction in other areas of the brain or another vasculatory system with or without the sign of vasculitis 
524329-L-bw-Dian
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tĞ ƐƚƵĚŝĞĚ ŶĞƵƌŽƌĂĚŝŽůŽŐŝĐĂů ĂďŶŽƌŵĂůŝƟĞƐ ŝŶ Ă ƉƌŽƐƉĞĐƟǀĞ ŽĨ ǁĞůůͲ
ĐŚĂƌĂĐƚĞƌŝƐĞĚ dD ƉĂƟĞŶƚƐ ŝŶ /ŶĚŽŶĞƐŝĂ͘ tŝƚŚ ϯ DWͲZ' ŝŵĂŐŝŶŐ ǁĞ
ĨŽƵŶĚ ĂďŶŽƌŵĂůŝƟĞƐ ŝŶ ǀŝƌƚƵĂůůǇ Ăůů ƉĂƟĞŶƚƐ͕ ǁŝƚŚŵĞŶŝŶŐĞĂů ĞŶŚĂŶĐĞŵĞŶƚ͕
ƚƵďĞƌĐƵůŽŵĂƐ͕ŝŶĨĂƌĐƟŽŶ͕ĂŶĚŚǇĚƌŽĐĞƉŚĂůƵƐďĞŝŶŐƚŚĞŵŽƐƚĨƌĞƋƵĞŶƚĮŶĚŝŶŐƐ͘
DZ/ĂďŶŽƌŵĂůŝƟĞƐǁĞƌĞĂƐƐŽĐŝĂƚĞĚǁŝƚŚŵŽƌĞƉƌŽŶŽƵŶĐĞĚ^&ĂďŶŽƌŵĂůŝƟĞƐ͘
DĂŶǇ ƉĂƟĞŶƚƐ ƐŚŽǁĞĚ ŶĞǁ Žƌ ǁŽƌƐĞŶŝŶŐ DZ/ ĮŶĚŝŶŐƐ ĚƵƌŝŶŐ ƚŚĞ ĮƌƐƚ
ƚǁŽ ŵŽŶƚŚƐ ŽĨ ƚƌĞĂƚŵĞŶƚ͕ ĞƐƉĞĐŝĂůůǇ ŵŝůŝĂƌǇ ƚƵďĞƌĐƵůŽŵĂƐ ĂŶĚ ŵĞŶŝŶŐĞĂů








ŵĂǇďĞŵŝŶŝŵĂů͕ ĂŶĚ ůŝŬĞůǇ ƚŽďĞŵŝƐƐĞĚŽŶ ĐŽŶǀĞŶƟŽŶĂů ƐƉŝŶ ĞĐŚŽ ŝŵĂŐĞƐ
ĞƐƉĞĐŝĂůůǇŝĨĐŽŶƚƌĂƐƚƐĐĂŶƐĂƌĞŶŽƚƉĞƌĨŽƌŵĞĚϭϯϵ͘ŶŽƚŚĞƌƉŽƐƐŝďůĞĞǆƉůĂŶĂƟŽŶ
ĨŽƌ ƚŚĞ ĚŝīĞƌĞŶĐĞ ǁŝƚŚ ƉƌĞǀŝŽƵƐ ƌĞƉŽƌƚƐ ŝƐ ƚŚĂƚ ǁĞ ŚĂĚ Ă ŚŝŐŚ ƉƌŽƉŽƌƟŽŶ







ĂŶĚ ǀĂƌŝĂďůĞ ŶƵŵďĞƌƐ ŽĨ ďĂĐŝůůŝ ǁŝƚŚŝŶ Ă ůŽŽƐĞ ĮďƌŝŶ ŶĞƚǁŽƌŬ͘Ϯϵ͕ϭϯϭ͕ϭϰϮ /Ŷ ŽƵƌ
ƉĂƟĞŶƚƐ͕ ŵĞŶŝŶŐĞĂů ĞŶŚĂŶĐĞŵĞŶƚ ǁĂƐ ĂƐƐŽĐŝĂƚĞĚ ǁŝƚŚ ůŽǁĞƌ '^͕ ŚŝŐŚĞƌ
ŵŝĐƌŽďŝŽůŽŐŝĐĂů ĐŽŶĮƌŵĂƟŽŶĂŶĚ ůŽǁĞƌ^&ŐůƵĐŽƐĞ͕ ƌĞŇĞĐƟŶŐ ŝŶŇĂŵŵĂƟŽŶ
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ŝŶƚƌĂĐƌĂŶŝĂů ƚƵďĞƌĐƵůŽŵĂƐ ĨŽůůŽǁŝŶŐ ŝŶŝƟĂů ŝŵƉƌŽǀĞŵĞŶƚ ŵĂǇ ďĞ ŽďƐĞƌǀĞĚ
ĚĞƐƉŝƚĞ ĂƉƉƌŽƉƌŝĂƚĞ ĂŶƟͲƚƵďĞƌĐƵůŽƐŝƐ ƚŚĞƌĂƉǇ͘ϭϰϯ͕ϭϰϰ ŌĞƌ ƚŚƌĞĞ ŵŽŶƚŚƐ ŽĨ
ƚƌĞĂƚŵĞŶƚ͕<ĂůŝƚĂĞƚ͘Ăů ĨŽƵŶĚŽŶĞŽƌŵŽƌĞƉĂƌĂĚŽǆŝĐĂůƚƵďĞƌĐƵůŽŵĂ Ɛ͛ ŝŶƚǁŽͲ
ƚŚŝƌĚŽĨŵŝĐƌŽďŝŽůŽŐŝĐĂůůǇ ĐŽŶĮƌŵĞĚdD͕ŚĂůĨŽĨ ƚŚĞŵǁĞƌĞĂƐǇŵƉƚŽŵĂƟĐ͕
ĂŶĚϯϬйǁŝƚŚŽƵƚĂƚƵďĞƌĐƵůŽŵĂĂƚďĂƐĞůŝŶĞ͘ϭϰϱ
/Ŷ ĂŐƌĞĞŵĞŶƚ ǁŝƚŚ ƚǁŽ ƉƌĞǀŝŽƵƐ ƐƚƵĚŝĞƐ ŝŶ /ŶĚŝĂϭϰϬ ĂŶĚ sŝĞƚŶĂŵϯϬ͕ ǁĞ
ĨŽƵŶĚ ƚŚĂƚ DZ/ ĂƉƉĞĂƌĂŶĐĞƐ Ăƚ ďĂƐĞůŝŶĞ ĂŶĚ ƚǁŽ ŵŽŶƚŚƐ ĂŌĞƌ ƐƚĂƌƟŶŐ
ĂŶƟƚƵďĞƌĐƵůŽƟĐĚƌƵŐƐǁĞƌĞŶŽƚĂƐƐŽĐŝĂƚĞĚǁŝƚŚĚĞĂƚŚŽƌƐĞǀĞƌĞĚŝƐĂďŝůŝƚǇĂŌĞƌ
ƐŝǆŵŽŶƚŚƐŽĨƚŚĞƚƌĞĂƚŵĞŶƚ͘,ŽǁĞǀĞƌ͕ ŝŶůĂƌŐĞƌƐƚƵĚŝĞƐ͕ŚǇĚƌŽĐĞƉŚĂůƵƐ͕ϭϰϲͲϭϰϴ




ĚŝƐĞĂƐĞ ;ϳϭйͿ ĂŶĚ ƚŚĞ ĂƉƉůŝĐĂƟŽŶ ŽĨ ϯ DWͲZ' ŝŶ ƚŚĞ DZ/ ƉƌŽƚŽĐŽů͘
,ŽǁĞǀĞƌ͕ ƚŚĞĐƵƌƌĞŶƚƐƚƵĚǇŝƐ ůŝŵŝƚĞĚďǇƚŚĞƐŵĂůůƐĂŵƉůĞƐŝǌĞǁŚŝĐŚůŝŵŝƚĞĚ
ƚŚĞŝŶƚĞƌƉƌĞƚĂƟŽŶŽĨĮŶĚŝŶŐƐƌĞŐĂƌĚŝŶŐƚŚĞĐůŝŶŝĐĂůƌĞůĞǀĂŶĐĞ͘ůƐŽ͕ǁĞĚŝĚŶŽƚ
ŚĂǀĞ Ă ĐŽŶƚƌŽů ŐƌŽƵƉ ůŝŬĞ ĂĐƵƚĞďĂĐƚĞƌŝĂů Žƌ ĐƌǇƉƚŽĐŽĐĐĂůŵĞŶŝŶŐŝƟƐ ƚŽ ŚĞůƉ
ŝĚĞŶƟĨǇƐƉĞĐŝĮĐĂďŶŽƌŵĂůŝƟĞƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚdD͘
/Ŷ ĐŽŶĐůƵƐŝŽŶ͕ ďĂƐĂů ŵĞŶŝŶŐĞĂů ĞŶŚĂŶĐĞŵĞŶƚ͕ ƚƵďĞƌĐƵůŽŵĂ͕ ŝŶĨĂƌĐƟŽŶ͕ ĂŶĚ
ŚǇĚƌŽĐĞƉŚĂůƵƐǁĞƌĞŽĐĐƵƌƌĞĚ ŝŶŵŽƌĞ ƚŚĂŶĂŚĂůĨŽĨ dDĐĂƐĞƐ͘ dŚŝƐ ƌĞƐƵůƚ
ƉƌŽǀŝĚĞƐĨƵƌƚŚĞƌƐƵƉƉŽƌƚĨŽƌƵƐŝŶŐƚŚĞŶĞƵƌŽƌĂĚŝŽůŽŐǇŝŵĂŐŝŶŐŝŶdDĚŝĂŐŶŽƐŝƐ
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Clinical signiﬁcance of hyponatremia in
tuberculous meningitis; a prospective cohort
in Indonesia
^ŽĮĂƟŝĂŶΎ͕ZŝĚŚŽ ZĂŚŵĂĚŝΎ͕ĂƌŽůŝĞŶZƵĞƐĞŶ͕ƌũĂŶǀĂŶ>ĂĂƌŚŽǀĞŶ͕ >ŝĚǇĂ
ŚĂŝĚŝƌ͕ :ĞƐƐŝŶŶŝƐĂ͕ ZŽǀŝŶĂZƵƐůĂŵŝ͕dƌŝ ,ĂŶŐŐŽŶŽĐŚŵĂĚ͕ĂĐŚƟůŝƐũĂŚďĂŶĂ͕
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ƉƵůŵŽŶĂƌǇ ƚƵďĞƌĐƵůŽƐŝƐ ŝŶĨĞĐƟŽŶ͕ ĐƵůƚƵƌĞͲĐŽŶĮƌŵĞĚ dD͕ Ă ůŽǁĞƌ 'ůĂƐŐŽǁ
ŽŵĂ ^ĐĂůĞ ;'^Ϳ͕ ŚŝŐŚĞƌ ĐĞƌĞďƌŽƐƉŝŶĂů ŇƵŝĚ ;^&Ϳ ŝŶŇĂŵŵĂƚŽƌǇ ŵĂƌŬĞƌƐ͕
ĂŶĚŚŝŐŚĞƌďůŽŽĚŶĞƵƚƌŽƉŚŝůƐ;ƉфϬ͘ϬϱͿ͘^ĞǀĞƌĞŚǇƉŽŶĂƚƌĞŵŝĂǁĂƐĂƐƐŽĐŝĂƚĞĚ












Processed on: 17-9-2018 PDF page: 139

















ƐƚĂƟƐƟĐĂů ĂƉƉƌŽĂĐŚǁŝƚŚĂŶŽǀĞůŵĞƚŚŽĚ ĨŽƌ ĐĂƵƐĂůŵŽĚĞůůŝŶŐ ƚŚĂƚ ĂůůŽǁƐ ĨŽƌ
ďŽƚŚŽďƐĞƌǀĞĚǀĂƌŝĂďůĞƐĂŶĚ ůĂƚĞŶƚ ĐŽŶƐƚƌƵĐƚƐ͘ WƌĞǀŝŽƵƐƉƌŽŐŶŽƐƟĐŵŽĚĞůƐ ŝŶ








ƐĞĐƟŽŶĂůĚĂƚĂ ;^ϯͿ͘ϭϱϵ ^ϯĂŶĚ^ϯͲ>ĂƚĞŶƚ ĐŽŶĚƵĐƚŵĂŶǇŵŽĚĞů ƌĞĮŶĞŵĞŶƚƐ
ƚŚƌŽƵŐŚ ĂŶ ŝƚĞƌĂƟǀĞ ƉƌŽĐĞĚƵƌĞ͕ ŝ͘Ğ͕͘ ĐƵƌƌĞŶƚ ŵŽĚĞů ƐƚƌƵĐƚƵƌĞƐ ďĂƐĞĚ ŽŶ ƚŚĞ
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dDŝĨ ƚŚĞǇŚĂĚƐƵďĂĐƵƚĞ ŝůůŶĞƐƐǁŝƚŚŚĞĂĚĂĐŚĞ͕ ĨĞǀĞƌ͕ Žƌ ĨŽĐĂůŶĞƵƌŽůŽŐŝĐĂů
ƐǇŵƉƚŽŵƐ͕ ǁŝƚŚ Žƌ ǁŝƚŚŽƵƚ ƐŝŐŶƐ ŽĨ ĞǆƚƌĂĐƌĂŶŝĂů ƚƵďĞƌĐƵůŽƐŝƐ͘ dŚĞ ƐƚƵĚǇ
ǁĂƐ ƉĂƌƚ ŽĨ ƚŚĞ ƉƌŽũĞĐƚ ƟƚůĞĚ ͞KƉƟŵŝǌĂƟŽŶ ŽĨ ĚŝĂŐŶŽƐŝƐ ĂŶĚ ƚƌĞĂƚŵĞŶƚ ŽĨ












DŝĐƌŽďŝŽůŽŐŝĐĂů ĚŝĂŐŶŽƐŝƐ ǁĂƐ ĚŽŶĞ ƵƐŝŶŐ ŝĞŚůͲEŝĞůƐĞŶ ĂŶĚ 'ƌĂŵͲƐƚĂŝŶŝŶŐ
ĨŽƌ ŵŝĐƌŽƐĐŽƉǇ͕  ĂŶĚ ƐŽůŝĚ KŐĂǁĂ ĂŶĚ ůŝƋƵŝĚ ĐŽŵŵĞƌĐŝĂů ĐƵůƚƵƌĞ ;DK^Ϳ




ĂƐƐĞƐƐŵĞŶƚ͘ϭϲϯ ĂƐĞůŝŶĞ ďůŽŽĚ ƐŽĚŝƵŵ ĐŽŶĐĞŶƚƌĂƟŽŶ ǁĂƐ ƵƐĞĚ ƚŽ ĐůĂƐƐŝĨǇ
ƉĂƟĞŶƚƐ ĂƐ ŚĂǀŝŶŐ ƐĞǀĞƌĞ ŚǇƉŽŶĂƚƌĞŵŝĂ ;ƉůĂƐŵĂ ƐŽĚŝƵŵ фϭϮϬ ŵƋͬ>Ϳ͕
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ŵŽĚĞƌĂƚĞ ŚǇƉŽŶĂƚƌĞŵŝĂ ;ϭϮϬͲϭϯϬ ŵƋͬ>Ϳ͕ ŵŝůĚ ŚǇƉŽŶĂƚƌĞŵŝĂ Žƌ ŶŽƌŵĂů 
ƐŽĚŝƵŵůĞǀĞůƐ;ϭϯ1ͲϭϰϱŵƋͬ>Ϳ͘ϭϲϰ
WĂƟĞŶƚƐǁĞƌĞĨŽůůŽǁĞĚƉƌŽƐƉĞĐƟǀĞůǇĨŽƌĂƚůĞĂƐƚŽŶĞǇĞĂƌ͘ &ŝĞůĚƉŚǇƐŝĐŝĂŶƐŽƌ 




Data analyses and statistics
dD ǁĂƐ ĐůĂƐƐŝĮĞĚ ĂƐ ĚĞĮŶŝƚĞ ŝĨ ĞŝƚŚĞƌ ^& ŵŝĐƌŽƐĐŽƉǇ ĨŽƌ ĂĐŝĚͲĨĂƐƚ ďĂĐŝůůŝ͕ 





ƌĂŶŐĞͿ Žƌ ƉƌŽƉŽƌƟŽŶƐ ĂŶĚ ǁĞƌĞ ĐŽŵƉĂƌĞĚ ŝŶ ƚĞƌŵƐ ŽĨ ŶŽƌŵĂů Žƌ ŵŝůĚ 
ŚǇƉŽŶĂƚƌĞŵŝĂ͕ ŵŽĚĞƌĂƚĞ͕ ĂŶĚ ƐĞǀĞƌĞ ŚǇƉŽŶĂƚƌĞŵŝĂ ŐƌŽƵƉƐ͕ ďŽƚŚ ŝŶ ,/sͲ 
ƉŽƐŝƟǀĞ͕ ĂŶĚ ,/sͲŶĞŐĂƟǀĞ ƉĂƟĞŶƚƐ͘ WĂƟĞŶƚƐ ǁŝƚŚ ŚǇƉĞƌŶĂƚƌĞŵŝĂ ;ƉůĂƐŵĂ 
ƐŽĚŝƵŵхϭϰϱŵƋͬ>ͿǁĞƌĞĞǆĐůƵĚĞĚ ĨƌŽŵĂŶĂůǇƐĞƐ͘ĂŶĚŝĚĂƚĞƉƌĞĚŝĐƚŽƌƐ ĨŽƌ 
ƚŚĞŵŽĚĞůǁĞƌĞƐĞůĞĐƚĞĚďĂƐĞĚŽŶĞǆŝƐƟŶŐŬŶŽǁůĞĚŐĞ͘ϯ ĐůŝŶŝĐĂůũƵĚŐĞŵĞŶƚĂŶĚ 
ĚĂƚĂĐŽŵƉůĞƚĞŶĞƐƐ͘dŚĞŶƵŵďĞƌŽĨƉƌĞĚŝĐƚŽƌƐǁĂƐĨƵƌƚŚĞƌůŝŵŝƚĞĚƚŽƌĞƉƌĞƐĞŶƚ 
ƚǇƉĞƐ ŽĨ ƉƌĞĚŝĐƚŽƌƐ͗ ŽďƐĞƌǀĞĚ ƉƌĞĚŝĐƚŽƌƐ ĐŽŵƉƌŝƐĞĚ ,/s͕ ĂŐĞ͕ ^& ĐƵůƚƵƌĞ͕ 





ŝŶ ƐƵƌǀŝǀĂů ƉƌŽďĂďŝůŝƟĞƐ ĂŶĚ ŚĂǌĂƌĚ ƌĂƟŽƐ ;,ZƐͿ͘ <ĂƉůĂŶͲDĞŝĞƌ ĐƵƌǀĞƐ ǁĞƌĞ 
ƵƐĞĚ ƚŽ ŝůůƵƐƚƌĂƚĞƐƵƌǀŝǀĂů ƌĂƚĞŽǀĞƌƟŵĞďĂƐĞĚŽŶ ƚŚĞŚǇƉŽŶĂƚƌĞŵŝĂƐƚĂƚƵƐ͘ 
dŚŝƐ ǁĂƐ ĐŽŵƉůĞŵĞŶƚĞĚ ďǇ ĂŶĂůǇƐĞƐ ŝŶ Ă ĐĂƵƐĂů ƐƵƌǀŝǀĂů ŵŽĚĞů͕ ǁŚŝĐŚ ǁĂƐ 





Processed on: 17-9-2018 PDF page: 142
142 Chapter  7




&ŽƌŵŽƌĞĚĞƚĂŝůƐ ŽĨ ƚŚĞ ^ϯͲ>ĂƚĞŶƚ ĂŶĚ ƚŚĞ ƐƚĂďůĞŽǆŵŽĚĞů͕ ƌĞĂĚĞƌƐ ĂƌĞ
ƌĞĨĞƌƌĞĚƚŽƚŚĞŽƌŝŐŝŶĂůƉĂƉĞƌ;ZZĂŚŵĂĚŝ͕W'ƌŽŽƚ͕d,ĞƐŬĞƐ͕ŵĂŶƵƐĐƌŝƉƚŝŶ
ƉƌĞƉĂƌĂƟŽŶͿĂŶĚƐƵƉƉůĞŵĞŶƚ͕ƌĞƐƉĞĐƟǀĞůǇ͘ůůĂŶĂůǇƐĞƐǁĞƌĞƉĞƌĨŽƌŵĞĚǁŝƚŚ
Z^ƚƵĚŝŽ ŝŶZ͘ϯ͘ϰ͘Ϯ͕͘ƵƐŝŶŐƉĂĐŬĂŐĞƐ ĨŽƌ^ϯͲ>ĂƚĞŶƚ ;ĚĞǀĞůŽƉŵĞŶƚǀĞƌƐŝŽŶ͖Z
ZĂŚŵĂĚŝ͕W'ƌŽŽƚ͕d,ĞƐŬĞƐ͕ŵĂŶƵƐĐƌŝƉƚŝŶƉƌĞƉĂƌĂƟŽŶͿ͕ŐŐƉůŽƚϮ͕ƌĞƐŚĂƉĞϮ͕
ĚƉůǇƌ͕ ƚĂďůĞŽŶĞ͕ƐƵƌǀŵŝŶĞƌ͕ ƐƵƌǀŝǀĂů͕<DƐƵƌǀ͕ ƌŵƐ͕ĂŶĚ,ŵŝƐĐ͘
RESULTS
Baseline characteristics 
KƵƚ ŽĨ ϭϮϲϭ ƉĂƟĞŶƚƐǁŝƚŚ ƐƵƐƉĞĐƚĞĚ dD͕ ϴϮϭ ŚĂĚ ďĞĞŶ ĚŝĂŐŶŽƐĞĚǁŝƚŚ
ĚĞĮŶŝƚĞ Žƌ ƉƌŽďĂďůĞ dD͘ &Žƌ ĨƵƌƚŚĞƌ ĂŶĂůǇƐĞƐ͕ǁĞ ŝŶĐůƵĚĞĚ ϲϳϴ ƐƵďũĞĐƚƐ
ǁŝƚŚ ĐŽŵƉůĞƚĞ ĚĂƚĂ ŽŶ ƐĞǆ͕ ĂŐĞ͕ ,/s ƐƚĂƚƵƐ͕ ďůŽŽĚ ƐŽĚŝƵŵ ĂŶĚ ŽŶĞͲǇĞĂƌ
ƐƵƌǀŝǀĂů͕ĂŶĚĞǆĐůƵĚĞĚƚŚŽƐĞǁŝƚŚŚǇƉĞƌŶĂƚƌĞŵŝĂ;Figure 7.1Ϳ͘ƚŽƚĂůŽĨϯϮϰ
ƉĂƟĞŶƚƐ;ϰϳ͘ϴйͿŚĂĚĂƉŽƐŝƟǀĞ^&DǇĐŽďĂĐƚĞƌŝƵŵƚƵďĞƌĐƵůŽƐŝƐ ĐƵůƚƵƌĞ͕ĂŶĚ
ĂŶ ĂĚĚŝƟŽŶĂů ϭϭϱ ƉĂƟĞŶƚƐ ;Ϯϱ͘ϳйͿ ŚĂĚ dD ĐŽŶĮƌŵĞĚ ƚŚƌŽƵŐŚ ŝŶͲŚŽƵƐĞ
WZŽƌ'ĞŶĞyƉĞƌƚΠ͘WĂƟĞŶƚƐĂĚŵŝƩĞĚƚŽƚŚĞŚŽƐƉŝƚĂůǁĞƌĞƌĞůĂƟǀĞůǇǇŽƵŶŐ
;ŵĞĚŝĂŶ ĂŐĞ͗ Ϯϵ ΀/YZ͗ϮϯͲϯϳ΁ ǇĞĂƌƐͿ͕ ϭϬϵ ǁĞƌĞ ,/sͲŝŶĨĞĐƚĞĚ ;ϭϲ͘ϭйͿ͕ ĂŶĚ
ŵŽƐƚƉƌĞƐĞŶƚĞĚǁŝƚŚƌŝƟƐŚDĞĚŝĐĂůZĞƐĞĂƌĐŚŽƵŶĐŝů;DZͿŐƌĂĚĞ//dD









ƵƉǁĂƐϭϱ͘ϱй ŝŶ ƚŚĞĮƌƐƚϲŵŽŶƚŚƐ͕ ĂŶĚϲ͘ϲйďĞƚǁĞĞŶϲĂŶĚϭϮŵŽŶƚŚƐ͘
ŽŵƉĂƌĞĚ ƚŽ ƚŚŽƐĞ ǁŚŽ ǁĞƌĞ ĨŽůůŽǁĞĚͲƵƉ ĨŽƌ ϲ ĂŶĚ ϭϮ ŵŽŶƚŚƐ͕ ƚŚŽƐĞ
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Hypernatremia (n=13) 
Incomplete sex, age, HIV, 
Blood sodium, and outcome 
data (n=130)
Unlikely TBM (n=440)     
Suspected meningitis (n=1261)
Definite and probable TBM (n=821)
Cross-sectional analyses at time of diagnosis (n=678)
TBM cases for survival analyses 
and causal survival modelling (n=678)
AbbreviaƟons: ,/s͕ ŚƵŵĂŶ ŝŵŵƵŶŽĚĞĮĐŝĞŶĐǇ ǀŝƌƵƐ͖ dD͕ ƚƵďĞƌĐƵůŽƵƐ
ŵĞŶŝŶŐŝƟƐ͘ ,ǇƉĞƌŶĂƚƌĞŵŝĂ ĚĞĮŶĞ ĂƐ ďůŽŽĚ ƐŽĚŝƵŵ ůĞǀĞů хϭϰϱ ŵƋͬ>͘ dD
ǁĂƐĐůĂƐƐŝĮĞĚĂƐ ͚ĚĞĮŶŝƚĞ͛ ;ŵŝĐƌŽďŝŽůŽŐŝĐĂůůǇƉƌŽǀĞŶͿ ŝĨĞŝƚŚĞƌ^&ŵŝĐƌŽƐĐŽƉǇ





Figure 7.1 Patients ﬂow
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ƐŽĚŝƵŵ хϭϯϬͲϭϰϱ ŵƋͬ>͕ ŶсϭϮϭͿ͕ ƐĞƉĂƌĂƚĞĚ ďǇ ƚŚĞ ĚĂƐŚĞĚ ůŝŶĞƐ͘ ,ǇƉŽŶĂƚƌĞŵŝĂ ŝƐ
ĚĞĮŶĞĚďǇĂďůŽŽĚƐŽĚŝƵŵфϭϯϱŵƋͬ>;ƐŽůŝĚǀĞƌƟĐĂůůŝŶĞͿ͘
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ϯϲϱͲĂǇŵŽƌƚĂůŝƚǇ
sĂƌŝĂďůĞ ,Z ϵϱй/ W
,ǇƉŽŶĂƚƌĞŵŝĂ
DŽĚĞƌĂƚĞǀƐ͘ŵŝůĚͬŶŽƌŵĂů ϭ͘ϭϬ Ϭ͘ϳϵͲϭ͘ϱϬ Ϭ͘ϱϳϭ
^ĞǀĞƌĞǀƐ͘ŵŝůĚͬŶŽƌŵĂů ϭ͘Ϭϲ Ϭ͘ϳϭͲϭ͘ϱϵ Ϭ͘ϳϳϬ
,/s;ƉŽƐŝƟǀĞͿ ϭ͘ϱϳ ϭ͘ϬϰͲϮ͘ϯϴ Ϭ͘ϬϯϮΎ
ŐĞ;ƉĞƌϭϬͲǇĞĂƌŝŶĐƌĞĂƐĞͿ ϭ͘ϭϰ ϭ͘ϬϰͲϭ͘Ϯϲ Ϭ͘ϬϬϲΎΎ
DZ'ƌĂĚĞ
'ƌĂĚĞ//ǀƐ͘'ƌĂĚĞ/ ϭ͘Ϯϵ Ϭ͘ϲϮͲϮ͘ϲϴ Ϭ͘ϰϵϵ
'ƌĂĚĞ///ǀƐ͘'ƌĂĚĞ/ ϭ͘ϲϰ Ϭ͘ϲϴͲϯ͘ϵϲ Ϭ͘ϮϳϮ
'ĞŶĚĞƌ;ŵĂůĞͿ ϭ͘ϰϲ ϭ͘ϬϯͲϮ͘Ϭϲ Ϭ͘ϬϯϰΎ
DŽƚŽƌĚĞĮĐŝƚƐ;ƉƌĞƐĞŶƚͿ ϭ͘ϳϭ ϭ͘ϬϬͲϭ͘ϳϱ Ϭ͘ϬϬϰΎΎ
dĞŵƉĞƌĂƚƵƌĞ;ƉĞƌϭo ŝŶĐƌĞĂƐĞͿ ϭ͘ϯϰ ϭ͘ϭϬͲϭ͘ϰϳ Ϭ͘ϬϬϭΎΎ
'^;ƉĞƌϭͲƉŽŝŶƚŝŶĐƌĞĂƐĞͿ Ϭ͘ϵϬ Ϭ͘ϳϵͲϬ͘ϴϵ Ϭ͘ϬϮϰΎ
^&WDE;ƉĞƌϭϬйŝŶĐƌĞĂƐĞͿ ϭ͘ϬϬ Ϭ͘ϵϵͲϭ͘ϬϬ Ϭ͘ϭϮϭ
ůŽŽĚWDE;ƉĞƌϭϬйŝŶĐƌĞĂƐĞͿ ϭ͘ϬϮ Ϭ͘ϵϵͲϭ͘Ϭϲ Ϭ͘ϭϴϱ
ŶĞŵŝĂ;ƉƌĞƐĞŶƚͿ ϭ͘ϲϵ Ϭ͘ϴϴͲϮ͘ϱϲ Ϭ͘ϭϬϳ
ůŽŽĚ ƚŚƌŽŵďŽĐǇƚĞƐ ;ƉĞƌ ϭǆϭϬΔϵ ĐĞůůƐͬ> ŝŶͲ
ĐƌĞĂƐĞͿ Ϭ͘ϵϵ Ϭ͘ϵϵͲϭ͘ϬϬ Ϭ͘ϭϵϲ





Table 7.2 Multivariate Cox Regression for prediction of one-year mortality
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Ăƚ ƟŵĞ ŽĨ ƉƌĞƐĞŶƚĂƟŽŶ͕ ĂŶĚ ŚŝŐŚĞƌ ŵŽƌƚĂůŝƚǇ ĚƵƌŝŶŐ ĨŽůůŽǁͲƵƉ͘ ,ŽǁĞǀĞƌ͕ 
ŚǇƉŽŶĂƚƌĞŵŝĂ ǁĂƐ ŶŽƚ ĂƐƐŽĐŝĂƚĞĚ ǁŝƚŚ ŝŶĐƌĞĂƐĞĚ ŵŽƌƚĂůŝƚǇ ŝŶ ŵƵůƟǀĂƌŝĂƚĞ
ƌĞŐƌĞƐƐŝŽŶĂŶĂůǇƐĞƐĂŶĚĚŝĚŶŽƚĂƉƉĞĂƌƚŽĐŽŶƚƌŝďƵƚĞƚŽŝŶĐƌĞĂƐĞĚŵŽƌƚĂůŝƚǇŝŶ
ĐĂƵƐĂůƐƵƌǀŝǀĂůŵŽĚĞůůŝŶŐ͘
,ǇƉŽŶĂƚƌĞŵŝĂ ŝƐ ĐŽŵŵŽŶůǇ ĨŽƵŶĚ ĂŵŽŶŐ ƉĂƟĞŶƚƐ ǁŝƚŚ ĐĞŶƚƌĂů ŶĞƌǀŽƵƐ
ƐǇƐƚĞŵĚŝƐŽƌĚĞƌƐ͕ϯϭ͕ϭϱϮ͕ϭϲϳ͕ϭϲϴ ŝŶĨĞĐƟŽƵƐĚŝƐĞĂƐĞƐ͕ϭϲϵĂŶĚƚŚŽƐĞǁŚŽĂƌĞĐƌŝƟĐĂůůǇ
ŝůů͘ϭϲϴ͕ϭϳϬ Ɛ dD ĐŽŵďŝŶĞƐ ƚŚĞƐĞ ƚŚƌĞĞ ĐŽŶĚŝƟŽŶƐ͕ ŝƚ ŝƐ ŶŽƚ ƐƵƌƉƌŝƐŝŶŐ ƚŚĂƚ
dDƉĂƟĞŶƚƐŽŌĞŶƐƵīĞƌĨƌŽŵŚǇƉŽŶĂƚƌĞŵŝĂ͘ŽŵƉĂƌĞĚƚŽƉƌĞǀŝŽƵƐƐƚƵĚŝĞƐ
ŚǇƉŽŶĂƚƌĞŵŝĂƐĞĞŵƐŵŽƌĞĐŽŵŵŽŶĂŶĚŵŽƌĞƐĞǀĞƌĞŝŶŽƵƌƐĞƫŶŐ͕ϯϮ͕ϭϱϮ͕ϭϱϳ͕ϭϳϭ
ƉƌŽďĂďůǇ ďĞĐĂƵƐĞ dD ƉĂƟĞŶƚƐ ŝŶ ŽƵƌ ƐĞƫŶŐ ƉƌĞƐĞŶƚ ǁŝƚŚ ǀĞƌǇ ĂĚǀĂŶĐĞĚ
ĚŝƐĞĂƐĞ;ŐƌĂĚĞ//Žƌ///DZͿ͘,ǇƉŽŶĂƚƌĞŵŝĂŝŶdDŝƐĐŽŵŵŽŶůǇĂƩƌŝďƵƚĞĚ
ƚŽ ƚŚĞ ^ǇŶĚƌŽŵĞŽĨ /ŶĂƉƉƌŽƉƌŝĂƚĞŶƟĚŝƵƌĞƟĐ,ŽƌŵŽŶĞ ;^/,Ϳ͘ϭϲϳ͕ϭϲϵ ƌĂŝŶ
ŝŶŇĂŵŵĂƟŽŶŝŶdDŵĂǇŝŶĐƌĞĂƐĞŝŶƚƌĂĐƌĂŶŝĂůƉƌĞƐƐƵƌĞůĞĂĚŝŶŐƚŽĞǆĐĞƐƐŝǀĞ
ƌĞůĞĂƐĞ ŽĨ ĂŶƟĚŝƵƌĞƟĐ ŚŽƌŵŽŶĞ ;,Ϳ͖ϭϳϮ ƚŚĞƌĞĨŽƌĞ͕ ŝƚ ŝŶĐƌĞĂƐĞƐ ƚŚĞ ƌĞŶĂů
ǁĂƚĞƌ ƌĞĂďƐŽƌƉƟŽŶĂŶĚ ƌĞƐƵůƚƐ ŝŶĞǆƉĂŶƐŝŽŶŽĨĞǆƚƌĂĐĞůůƵůĂƌŇƵŝĚǀŽůƵŵĞ͘ϭϲϳ
>ĞƐƐĐŽŵŵŽŶůǇ͕ ŚǇƉŽŶĂƚƌĞŵŝĂŝŶdDŝƐƌĞůĂƚĞĚƚŽĐĞƌĞďƌĂůƐĂůƚǁĂƐƟŶŐ͕ϭϱϮ͕ϭϲϵ
ƌĞĐƵƌƌĞŶƚ ǀŽŵŝƟŶŐ͕ĂŶĚŶƵƚƌŝƟŽŶĂůĚĞĮĐŝĞŶĐǇ͘ϯϮKĨŶŽƚĞ͕ ĂĚĞĮŶŝƚĞ ĐĂƵƐĞŽĨ
ŚǇƉŽŶĂƚƌĞŵŝĂ ŝƐ ŶŽƚŽƌŝŽƵƐůǇ ŚĂƌĚ ƚŽ ĞƐƚĂďůŝƐŚ͕ ĞƐƉĞĐŝĂůůǇ ŝŶ ƚŚĞ ĂďƐĞŶĐĞ ŽĨ
ƵƌŝŶĞ ƐŽĚŝƵŵ ĂŶĚ ŽƐŵŽůĂůŝƚǇŵĞĂƐƵƌĞŵĞŶƚƐ ĂƐ ŝƐ ŽŌĞŶ ƚŚĞ ĐĂƐĞ ŝŶ ƐĞƫŶŐƐ
ǁĞƌĞƚƵďĞƌĐƵůŽƵƐŵĞŶŝŶŐŝƟƐŝƐƉƌĞǀĂůĞŶƚ͘
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^ƚĂďŝůŝƚǇŐƌĂƉŚŽĨŽǆŵŽĚĞůďĂƐĞĚŽŶ ƚŚĞ Ɛŝǆ ƐĞůĞĐƚĞĚǀĂƌŝĂďůĞƐ͘KďƐĞƌǀĞĚǀĂƌŝĂďůĞƐĐŽŵƉƌŝƐĞ ,/s͕  
ĂŐĞ͕ ĐĞƌĞďƌŽƐƉŝŶĂů ŇƵŝĚ ;^&Ϳ D͘ ƚƵďĞƌĐƵůŽƐŝƐ ĐƵůƚƵƌĞ ƌĞƐƵůƚ͕ ĂŶĚ ďůŽŽĚ ƐŽĚŝƵŵ͘ 
>ĂƚĞŶƚǀĂƌŝĂďůĞƐĐŽŶƐŝƐƚŽĨ;ϭͿdŝƐƐƵĞĚĂŵĂŐĞƚŚĂƚŝƐŵĞĂƐƵƌĞĚƚŚƌŽƵŐŚ'ůĂƐŐŽǁĐŽŵĂƐĐĂůĞ;'^Ϳ͕
ŵŽƚŽƌĚĞĮĐŝƚƐ͕ĂŶĚĐƌĂŶŝĂůŶĞƌǀĞƉĂůƐǇ͖ ;ϮͿ /ŶŇĂŵŵĂƟŽŶƚŚĂƚ ŝƐ ŝŶĚŝĐĂƚĞĚďǇ ĨĞǀĞƌ͕ ďůŽŽĚŶĞƵƚƌŽƉŚŝůƐ͕ 
^& ŵŽŶŽŶƵĐůĞĂƌ ĐĞůůƐ͕ ^& ƉƌŽƚĞŝŶ ĂŶĚ ^&ͬďůŽŽĚ ŐůƵĐŽƐĞ ƌĂƟŽ͘ dŚĞ  χ−ĂǆŝƐ ŝŶĚŝĐĂƚĞƐ ƚŚĞ Žǆ 
ŵŽĚĞůĐŽŵƉůĞǆŝƚǇ͕ Ğ͘Ő͕͘ϯƌĞĨĞƌƐƚŽĂůůĞŶƵŵĞƌĂƚĞĚŽǆŵŽĚĞůƐǁŝƚŚƚŚƌĞĞƉƌĞĚŝĐƚŽƌƐ͘dŚĞ y-ĂǆŝƐ 
ŝŶĚŝĐĂƚĞƐƚŚĞƐĞůĞĐƟŽŶƉƌŽďĂďŝůŝƚǇ͕ ŝ͘Ğ͕͘ƚŚĞŶƵŵďĞƌŽĨŽĐĐƵƌƌĞŶĐĞƐŽĨĂƉƌĞĚŝĐƚŽƌŝŶĂůůŽǆŵŽĚĞůƐ 
ĂƚĂƉĂƌƟĐƵůĂƌŵŽĚĞůĐŽŵƉůĞǆŝƚǇ͘dŚĞƚŚƌĞƐŚŽůĚŽĨƐĞůĞĐƟŽŶƉƌŽďĂďŝůŝƚǇ͕  πsel͕ŝƐƐĞƚƚŽϬ͘ϲϭϳϯ, and 
ƚŚĞƚŚƌĞƐŚŽůĚŽĨŵŽĚĞůĐŽŵƉůĞǆŝƚǇ͕ πbic͕ŝƐĐŚŽƐĞŶĂƚĂŵŽĚĞůĐŽŵƉůĞǆŝƚǇĂƚǁŚŝĐŚƚŚĞŵŝŶŝŵƵŵ 
ŵĞĚŝĂŶŽĨ/Ɛ ŝƐ ĨŽƵŶĚ = 2.ϭϱϵŶǇŽǆŵŽĚĞůƐƚƌƵĐƚƵƌĞƚŚĂƚŚĂƐƐĞůĞĐƟŽŶƉƌŽďĂďŝůŝƚǇĞƋƵĂůƚŽŽƌ 
ŐƌĞĂƚĞƌƚŚĂŶπsel ĂŶĚŵŽĚĞůĐŽŵƉůĞǆŝƚǇƐŵĂůůĞƌŽƌĞƋƵĂůƚŽ πbic͕ŝ͘Ğ͕͘ƉĂƐƐŝŶŐƚŚĞƚŽƉͲůĞŌďŽǆ͕ ŝƐ 
ĐŽŶƐŝĚĞƌĞĚ ƐƚĂďůĞ ĂŶĚ ƉĂƌƐŝŵŽŶŝŽƵƐ͕ ĂŶĚ ĐĂůůĞĚ ƌĞůĞǀĂŶƚ͘ /Ŷ ƚŚŝƐ ŐƌĂƉŚ͕ ,/s ŝƐ ƚŚĞ ƌĞůĞǀĂŶƚ 
ƐƚƌƵĐƚƵƌĞ͕ŵĂŬŝŶŐŝƚƚŚĞƉƌĞĚŝĐƚŽƌƚŚĂƚĐŽŶƚƌŝďƵƚĞƐƚŽŵŽƌƚĂůŝƚǇ͘
Figure 7.4 Survival stability graph
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Figure 7.5 Causal survival model
dŚĞĐĂƵƐĂůƐƵƌǀŝǀĂůŵŽĚĞůĐŽŶƐŝƐƚƐŽĨƚǁŽƉĂƌƚƐ͘dŚĞĮƌƐƚƉĂƌƚƌĞƉƌĞƐĞŶƚƐĐĂƵƐĂůƌĞůĂƟŽŶƐďĞƚǁĞĞŶ
ďĂƐĞůŝŶĞƉƌĞĚŝĐƚŽƌƐ͗,/s͕ĂŐĞ͕&^ƵůƚƵƌĞ;ƵůƚƵƌĞͿ͕ďůŽŽĚƐŽĚŝƵŵ͕ƟƐƐƵĞĚĂŵĂŐĞ;dŝƐƐƵĞͿ͕ĂŶĚ




ƐĐŽƌĞ ŝƐ ƚĂŬĞŶ ĨƌŽŵ ƚŚĞ ŚŝŐŚĞƐƚ ƐĞůĞĐƟŽŶ ƉƌŽďĂďŝůŝƚǇ ƚŚĂƚ Ă ƉĂƌƟĐƵůĂƌ ƌĞůĂƟŽŶ ŽďƚĂŝŶƐ ŝŶ ƚŚĞ
ƌĞůĞǀĂŶƚĂƌĞĂŽĨƚŚĞƐƚĂďŝůŝƚǇŐƌĂƉŚ;ƚŽƉͲůĞŌďŽǆͿϭϱϵ͘&ŽƌĞǆĂŵƉůĞ͕Ϭ͘ϵϵͬϬ͘ϬϭŝŶĚŝĐĂƚĞƐĂƌĞůŝĂďŝůŝƚǇ
ƐĐŽƌĞŽĨϬ͘ϵϵĂŶĚĂƚŽƚĂůĐĂƵƐĂůĞīĞĐƚĞƐƟŵĂƚĞŽĨϬ͘Ϭϭ͘ŶƵŶĚŝƌĞĐƚĞĚĞĚŐĞ͕ŝŶƉĂƌƟĐƵůĂƌ͕ ŝƐŽŶůǇ
ĂŶŶŽƚĂƚĞĚǁŝƚŚ Ă ƌĞůŝĂďŝůŝƚǇ ƐĐŽƌĞ͘ĐĐŽƌĚŝŶŐ ƚŽ ƚŚŝƐ ĐĂƵƐĂůŵŽĚĞů͕,/s ŝŶĨĞĐƟŽŶ ŝŶĐƌĞĂƐĞƐ ƚŚĞ
ƉƌŽďĂďŝůŝƚǇŽĨĂŶĞŐĂƟǀĞ^&ĐƵůƚƵƌĞ͘ƉŽƐŝƟǀĞ^&ĐƵůƚƵƌĞŝŶĚƵĐĞƐŝŶŇĂŵŵĂƟŽŶĂŶĚůĞĂĚƐƚŽ
ůŽǁĞƌ ůĞǀĞů ŽĨ ďůŽŽĚ ƐŽĚŝƵŵ͘ dŚĞ ƐĞĐŽŶĚ ƉĂƌƚ ƌĞƉƌĞƐĞŶƚƐ ĐĂƵƐĂů ƌĞůĂƟŽŶƐ ĨƌŽŵ ƉƌĞĚŝĐƚŽƌƐ ƚŽ
ŵŽƌƚĂůŝƚǇ͘ ,/sǁĂƐĨŽƵŶĚƚŽĐŽŶƚƌŝďƵƚĞƚŽŵŽƌƚĂůŝƚǇ͘ dŚĞĂƌƌŽǁĨƌŽŵ,/sƚŽDŽƌƚĂůŝƚǇŝƐĂŶŶŽƚĂƚĞĚ
ǁŝƚŚĂƌĞůŝĂďŝůŝƚǇƐĐŽƌĞŽĨϬ͘ϵϱĂŶĚĂǀĞƌĂŐĞŽĨŚĂǌĂƌĚƌĂƚĞŽĨ,/sĨŽƵŶĚĂƚ ;ƐĞĞ&ŝŐƵƌĞϰͿ͘/Ŷ
ĂĚĚŝƟŽŶ͕ĚŽƵďůĞͲůŝŶĞƐĂƌƌŽǁƐ ĨƌŽŵĂ ůĂƚĞŶƚǀĂƌŝĂďůĞ ƚŽ ŝƚƐ ŝŶĚŝĐĂƚŽƌ ƌĞƉƌĞƐĞŶƚ ŝŶŇƵĞŶĐĞŽĨ ƚŚĞ
ůĂƚĞŶƚǀĂƌŝĂďůĞŽŶƚŚĞŝŶĚŝĐĂƚŽƌ ϭϳϰ͘
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ƉƌĞƐĞŶƟŶŐǁŝƚŚ ƐĞŝǌƵƌĞƐ ŝŶŽƵƌ ƐƚƵĚǇ͘ dǇƉŝĐĂůůǇ͕  ŚǇƉŽŶĂƚƌĞŵŝĂ ŝŶdDŚĂƐĂ
͚ĐŚƌŽŶŝĐ͛ ŶĂƚƵƌĞ ;ŝ͘Ğ͕͘ ĞǆŝƐƚƐ ĨŽƌŵŽƌĞ ƚŚĂŶ ϰϴ ŚŽƵƌͿ͕ϭϳϬ ǁŚŝůĞ ƐĞŝǌƵƌĞ ƵƐƵĂůůǇ
ƌŝƐĞƐŝŶĂĐƵƚĞŚǇƉŽŶĂƚƌĞŵŝĂ͘ϭϳϱ͕ϭϳϲ
,ǇƉŽŶĂƚƌĞŵŝĂƉƌĞĚŝĐƚĞĚŵŽƌƚĂůŝƚǇ ŝŶ ƵŶŝǀĂƌŝĂƚĞ ĂŶĂůǇƐĞƐ͕ ĂůďĞŝƚ ŽŶůǇ ĂŵŽŶŐ
,/sͲŶĞŐĂƟǀĞ ƉĂƟĞŶƚƐ͘ ,ŽǁĞǀĞƌ͕  ŚǇƉŽŶĂƚƌĞŵŝĂ ǁĂƐ ŶŽƚ ĂƐƐŽĐŝĂƚĞĚ ǁŝƚŚ






dŽ ĞǆĂŵŝŶĞ ǁŚĂƚ ĨĂĐƚŽƌƐ͕ ŝŶĐůƵĚŝŶŐ ŚǇƉŽŶĂƚƌĞŵŝĂ͕ ŵĂǇ ĐŽŶƚƌŝďƵƚĞ ƚŽ dDͲ
ĂƐƐŽĐŝĂƚĞĚ ĚĞĂƚŚƐ ǁĞ ĂƉƉůŝĞĚ Ă ŶŽǀĞů ĐĂƵƐĂů ŵŽĚĞůůŝŶŐ ĂŶĂůǇƐĞƐ͘ /Ŷ ƚŚŝƐ
ŵŽĚĞů͕,/s ŝŶĨĞĐƟŽŶĂƉƉĞĂƌĞĚƚŽ ůŽǁĞƌƚŚĞĐŚĂŶĐĞŽĨĮŶĚŝŶŐĂƉŽƐŝƟǀĞ^&
DǇĐŽďĂĐƚĞƌŝƵŵ ƚƵďĞƌĐƵůŽƐŝƐ ĐƵůƚƵƌĞ͘ tĞ ĐŽƵůĚ ďĂĐƚĞƌŝŽůŽŐŝĐĂůůǇ ĐŽŶĮƌŵ
dDŝŶƚǁŽƚŚŝƌĚƐŽĨ,/sͲƵŶŝŶĨĞĐƚĞĚƉĂƟĞŶƚƐ͕ĂŶĚĂƉƉƌŽǆŝŵĂƚĞůǇŚĂůĨŽĨ,/sͲ
ŝŶĨĞĐƚĞĚƉĂƟĞŶƚƐ͕ŝŶĐŽŶƚƌĂƐƚƚŽƐƚƵĚŝĞƐĨƌŽŵsŝĞƚŶĂŵƚŚĂƚĨŽƵŶĚŚŝŐŚĞƌƌĂƚĞƐ
ŽĨ ďĂĐƚĞƌŝŽůŽŐŝĐĂů ĐŽŶĮƌŵĂƟŽŶ ŝŶ ,/sͲŝŶĨĞĐƚĞĚ ƉĂƟĞŶƚƐ ϭϬϴ͕ϭϳϴ͘ KƵƌ ŵŽĚĞů
ĂůƐŽ ƌĞǀĞĂůĞĚ ƚŚĂƚ Ă ƉŽƐŝƟǀĞ ^& ĐƵůƚƵƌĞ ǁĂƐ ĂƐƐŽĐŝĂƚĞĚ ǁŝƚŚ ŵŽƌĞ ^&
ŝŶŇĂŵŵĂƟŽŶĂŶĚŵŽƌĞŚǇƉŽŶĂƚƌĞŵŝĂ͘WĂƟĞŶƚƐǁŝƚŚĐƵůƚƵƌĞͲĐŽŶĮƌŵĞĚdD
ŝŶŽƵƌĐŽŚŽƌƚŚĂĚĂŵŽƌĞƐĞǀĞƌĞĚŝƐĞĂƐĞ͕ǁŝƚŚŵŽƌĞĐŽŶĐŽŵŝƚĂŶƚƉƵůŵŽŶĂƌǇ
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KƵƌ ƐƚƵĚǇ ŚĂƐ ƐĞǀĞƌĂů ůŝŵŝƚĂƟŽŶƐ͘tĞŽŶůǇ ƵƐĞĚ ƚŚĞ ďĂƐĞůŝŶĞ ďůŽŽĚ ƐŽĚŝƵŵ





,ĂŶĚůŝŶŐ ƚŚŽƐĞ ƌĞƋƵŝƌĞƐŵŽƌĞ ĂĚǀĂŶĐĞĚ ĂƉƉƌŽĂĐŚĞƐ ƚŚĂƚǁĞ ůĞĂǀĞ ĨŽƌ ůĂƚĞƌ
ƐƚƵĚǇ͘













,ĂƐĂŶ^ĂĚŝŬŝŶ,ŽƐƉŝƚĂů ;Z^,^Ϳ͕ĂŶĚƵŶŐ͕ /ŶĚŽŶĞƐŝĂ͖ZĂŶŝdƌŝƐŶĂǁĂƟ ĨŽƌĚĂƚĂ
ŵĂŶĂŐĞŵĞŶƚ͖ Ěƌ͘ ĂƐƟ͕͘ ^ƉW< ĨƌŽŵ ůŝŶŝĐĂů WĂƚŚŽůŽŐǇ ĞƉĂƌƚŵĞŶƚ͕ Z^,^
ĂŶĚƵŶŐ ĨŽƌƉƌŽǀŝĚŝŶŐ ƚŚĞ ŝŶĨŽƌŵĂƟŽŶ ƌĞůĂƚĞĚ ƚŽďůŽŽĚ ƐŽĚŝƵŵĂƐƐĞƐƐŵĞŶƚ
ŝŶZ^,^͘
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Variable n n event HR 95% CI p 
HIV (positive) 678 280 1.94 (1.46-2.57) <0.001***  
Gender (Male) 678 280 1.37 (1.07-1.76) 0.012* 
Age (per 10-year increase) 678 280 1.14 (1.04-1.26) 0.006** 
TBM grade 617 258 NA NA <0.001***  
Grade II vs. Grade I NA NA 1.70 (1.05-2.77) 0.031*  
Grade III vs. Grade I NA NA 4.27 (2.52-7.21) <0.000*** 
Headache, present 614 248 1.02 (0.61-1.72) 0.932  
Neck stiffness, present 654 270 1.36 (0.82-2.25) 0.237  
Seizures, present 631 254 1.09 (0.73-1.62) 0.686  
Motor deficits, present 634 260 1.69 (1.31-2.17) <0.001***  
Cranial nerve palsy, present 651 265 1.27 (0.99-1.64) 0.058  
Chest X-ray, abnormal 649 265 1.03 (0.79-1.34) 0.850  
Mycobacteriology confirmation test, 
(+) 
678 280 1.03 (0.8-1.32) 0.816  
CSF culture (positive) 655 267 1.14 (0.9-1.45) 0.276  
Temperature (per 1oC) 654 267 1.33 (1.17-1.52) <0.001*** 
GCS (Per 1-unit increase) 622 256 0.81 (0.77-0.85) 0.000*** 
CSF leukocytes, log10 (cells/μl) 671 276 0.90 (0.77-1.04) 0.165  
CSF PMN, (10%) 645 260 1.01 (1-1.01) <0.001*** 
CSF MN (10%) 645 260 0.99 (0.99-1) <0.001*** 
CSF protein, mg/L (log 10) 668 272 1.22 (0.99-1.51) 0.059  
CSF/Blood glucose ratio (per unit 
increase) 
666 272 0.62 (0.31-1.25) 0.184  
Anemia, mg/L 675 278 1.75 (1.11-2.75) 0.017* 
Blood leukocytes (cells/μl) 670 275 1.01 (0.99-1.04) 0.212  
Blood neutrophils (cells/μl) 488 202 1.03 (1-1.06) 0.020*  
Blood lymphocytes (cells/μl) 490 202 0.88 (0.72-1.07) 0.190  
Thrombocytes (cells/μl) 674 278 1.00 (1-1) 0.030*  
Hyponatremia (mmol/L) 678 280 NA NA 0.135  
Moderate vs. Normal/mild 
(mmol/L) 
NA NA 1.20 (0.91-1.57) 0.190  
Severe vs. Normal/mild (mmol/L) NA NA 1.39 (1-1.94) 0.049* 
In HIV-uninfected (mmol/L) 1.68 (1.16-2.44) 0.006**  
In HIV-infected (mmol/L) 0.92 (0.38-2.23) 0.856  
Blood sodium (per 1 mEq/L increase) 678 280 0.99 (0.97-1) 0.072 
 
Supplementary table 1. Univariate Cox Regression for Prediction of 365-Day 
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Culture P 
Negative (n=331) Positive (n=324) 
Variables, n (%) 
Sex, Male 198 (59.8) 202 (62.3) 0.560 
Age, years (median [IQR]) 31 [24-40] 28 [22-35] <0.001*** 
HIV (positive) 68 (20.5) 34 (10.5) <0.001*** 
Grade  0.337 
Grade I 31 (10.9) 35 (11.1) 
Grade II 217 (76.4) 226 (72.0) 
Grade III 36 (12.7) 53 (16.9) 
Headache  278 (93.6) 282 (93.1) 0.922 
Neck stiffness  285 (90.8) 303 (94.7) 0.080 
Seizures  37 (11.9) 23 (7.7) 0.102 
Motor deficits  156 (50.3) 159 (52.5) 0.651 
Cranial Nerve Palsy  175 (55.2) 200 (64.1) 0.028* 
Chest X-ray, TB 204 (64.8) 241 (77.5) <0.001*** 
Temperature, oC (mean (SD)) 37.3 [36.7-38] 37.6 [36.8-38.1] 0.119 
Fever  100 (42.6) 158 (52.0) 0.067 
GCS (median [IQR]) 14 [13-15] 13 [11-14] <0.001*** 
CSF 
Leukocytes, cells/μL (median [IQR]) 72.5 [10-208.2] 182.5 [48-348.8] <0.001*** 
Polymorphonuclear, cells/μL (PMN) 
(median [IQR]) 
10.3 [1.8, 55.0] 51.7 [10.8, 135.8] <0.001*** 
CSF protein, mg/dL (median [IQR]) 131.5 [56-275.8] 189 [100-336] <0.001*** 
CSF/Blood glucose ratio (median [IQR]) 0.30 [0.20-0.50] 0.20 [0.10-0.20] <0.001*** 
Blood 
   
Anemia  23 (6.9) 10 (3.1) 0.040* 
Hemoglobin, mg/dL 12.1 [10.2-13.5] 12 [10.2-13.3] 0.631 
Leukocyte, cells/μL (median [IQR]) 9.5 [6.3-13.3] 10.4 [7.7-13.5] 0.019* 
Neutrophils, cells/μL (median [IQR]) 7.9 [4.9-11] 8.9 [6.6-12.5] <0.001*** 
Lymphocytes, cells/μL (median [IQR]) 1 [0.6-1.6] 0.8 [0.5-1.2] 0.003** 
Monocytes, cells/ μL (median [IQR]) 0.5 [0.2-0.8] 0.5 [0.2-0.9 0.827 
Thrombocyte (median [IQR]) 268 [192-357.2] 301 [217-372] 0.020* 
Sodium, mmol/L 130 [124-134] 124.5 [119-130] <0.001*** 
Hyponatremia, mmol/L <0.001*** 
Mild/normal 154 (46.5) 71 (21.9) 
Moderate 142 (42.9) 170 (52.5) 
Severe 35 (10.6) 83 (25.6) 
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SUMMARY AND GENERAL DISCUSSION
dŚĞĐĞŶƚƌĂůƋƵĞƐƟŽŶŽĨƚŚŝƐƚŚĞƐŝƐŝƐŚŽǁƚŽŽƉƟŵŝǌĞƚŚĞĐůŝŶŝĐĂůŵĂŶĂŐĞŵĞŶƚŽĨ
ƉĂƟĞŶƚƐǁŝƚŚƚƵďĞƌĐƵůŽƵƐŵĞŶŝŶŐŝƟƐ;dDͿ͘dŚĞƌĞĂƌĞƚŚƌĞĞŵĂŝŶĂƉƉƌŽĂĐŚĞƐ




ĚŝƌĞĐƚĞĚ ƚŚĞƌĂƉǇ ǁĞ ĞǆƉůŽƌĞĚ ƉƌŽŐŶŽƐƟĐ ĨĂĐƚŽƌƐ ƌĞůĂƚĞĚ ƚŽ dD ŵŽƌƚĂůŝƚǇ͕ 
ĂŶĚĂŶĂůǇƐĞĚŶĞƵƌŽƌĂĚŝŽůŽŐŝĐĂůĂďŶŽƌŵĂůŝƟĞƐŝŶƌĞůĂƟŽŶƚŽŝŶŇĂŵŵĂƟŽŶĂŶĚ
ŽƵƚĐŽŵĞ͘ tŝƚŚ ƌĞŐĂƌĚ ƚŽ ƚŚĞ ĮŶĂů ĂƉƉƌŽĂĐŚ͕ ƐƵƉƉŽƌƟǀĞ ŵĂŶĂŐĞŵĞŶƚ͕ ǁĞ
ĞǆĂŵŝŶĞĚƚŚĞĐůŝŶŝĐĂůƐŝŐŶŝĮĐĂŶĐĞŽĨŚǇƉŽŶĂƚƌĞŵŝĂ͕ǁŚŝĐŚŝƐǀĞƌǇĐŽŵŵŽŶŝŶ
dD͘
Figure 8.1 Conceptual framework and thesis ﬁndings related to 
treatment and outcome of TBM.
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SUMMARY OF RESEARCH FINDINGS
dŚŝƐƚŚĞƐŝƐĂŝŵƐƚŽĂŶƐǁĞƌƋƵĞƐƟŽŶƐŽŶŚŽǁƚŽŽƉƟŵŝǌĞƚŚĞĐůŝŶŝĐĂůŵĂŶĂŐĞŵĞŶƚ
ŽĨ dD͘dŚĞ ƚŚĞƐŝƐ ĐŽŶƚĂŝŶƐ Ɛŝǆ ƐƚƵĚŝĞƐ͕ ĚŝǀŝĚĞĚ ŝŶƚŽ ƚǁŽƉĂƌƚƐ͘ dŚĞĮƌƐƚƉĂƌƚ
;chapter 2-4Ϳ ĚĞĂůƐǁŝƚŚ ĂŶƟŵŝĐƌŽďŝĂů ƚƌĞĂƚŵĞŶƚ ŽĨ dD͕ ĨŽĐƵƐŝŶŐ ŽŶ ƵƐĞ ŽĨ
ŚŝŐŚͲĚŽƐĞƌŝĨĂŵƉŝĐŝŶ͘dŚĞƐĞĐŽŶĚƉĂƌƚ;chapter 5-7ͿĞǆƉůŽƌĞƐƉƌŽŐŶŽƐƟĐŵĂƌŬĞƌƐ
ĨŽƌŽƵƚĐŽŵĞ͕ƚŚĂƚŵĂǇŚĞůƉƚŽŝĚĞŶƟĨǇƉŽƚĞŶƟĂůƚĂƌŐĞƚƐĨŽƌŚŽƐƚͲĚŝƌĞĐƚĞĚƚŚĞƌĂƉǇ
ŽƌďĞƩĞƌ ƐƵƉƉŽƌƟǀĞŵĂŶĂŐĞŵĞŶƚŽĨ dD͘ Figure 8.1 ĚĞƉŝĐƚƐ ƚŚĞ ĐŽŶĐĞƉƚƵĂů
ĨƌĂŵĞǁŽƌŬĂŶĚƐƵŵŵĂƌǇŽĨƚŚĞŵĂŝŶĮŶĚŝŶŐƐŽĨƚŚŝƐƚŚĞƐŝƐ͘
WƌĞǀŝŽƵƐƐƚƵĚŝĞƐĞǆĂŵŝŶŝŶŐƚŚĞƌŝĨĂŵƉŝĐŝŶĚŽƐĞͲƌĞƐƉŽŶƐĞĐƵƌǀĞŚĂǀĞƐŚŽǁŶƚŚĂƚ
ƚŚĞĐƵƌƌĞŶƚĚŽƐĞŽĨϭϬŵŐͬŬŐ ŝƐƉƌŽďĂďůǇ ŝŶƐƵĸĐŝĞŶƚ͘ϵ͕ϭϬ ƐĞƌŝĞƐŽĨƐƚƵĚŝĞƐ ŝŶ
ƉƵůŵŽŶĂƌǇdƐƵŐŐĞƐƚĞĚƚŚĂƚŚŝŐŚĞƌĚŽƐĞƐŽĨƌŝĨĂŵƉŝĐŝŶŵĂǇďĞŵŽƌĞĞīĞĐƟǀĞ
ƌĞƐƵůƟŶŐ ŝŶďĞƩĞƌƐƵƌǀŝǀĂů͘ϮϬ tŝƚŚ ƌĞŐĂƌĚƐ ƚŽdD͕ ůŝŵŝƚĞĚƉĞŶĞƚƌĂƟŽŶ ƚŽ ƚŚĞ
ĐĞŶƚƌĂůŶĞƌǀŽƵƐƐǇƐƚĞŵ;E^ͿĚƵĞƚŽƚŚĞƉƌĞƐĞŶĐĞŽĨƚŚĞďůŽŽĚͲďƌĂŝŶďĂƌƌŝĞƌĂŶĚ
ďůŽŽĚͲ^&ďĂƌƌŝĞƌƌĞƐƵůƚƐŝŶĂůŽǁĞƌĂǀĂŝůĂďŝůŝƚǇŽĨĐĞƌƚĂŝŶdĚƌƵŐƐďĞǇŽŶĚƚŚĞƐĞ






ĐŚĂŶŐĞĚ ƚŚĞ ƌŽƵƚĞŽĨ ĂĚŵŝŶŝƐƚƌĂƟŽŶ ĨƌŽŵŽƌĂů ƚŽ ŝŶƚƌĂǀĞŶŽƵƐ͘ dŚŝƐ ƌĞƐƵůƚĞĚ
ŝŶďĞƩĞƌĞǆƉŽƐƵƌĞĂŶĚĂďĞƩĞƌƐƵƌǀŝǀĂů;ĂĚũƵƐƚĞĚ,ZϬ͘ϰϮ͖ϵϱй/Ϭ͘ϮϬͲϬ͘ϵϭ͖
ƉсϬ͘ϬϯͿ ĂŵŽŶŐ dD ƉĂƟĞŶƚƐ͘ϭϭ /Ŷ Chapter 2͕ ƵƐŝŶŐ ĂƌĐŚŝǀĞĚ ƐĂŵƉůĞƐ ĨƌŽŵ





ĚƌƵŐ ĐŽŶĐĞŶƚƌĂƟŽŶƐ ďĞƚǁĞĞŶ ƉĂƟĞŶƚƐ ǁŚŽ ĚŝĞĚ Žƌ ƐƵƌǀŝǀĞĚ͕ ĂŶĚ ďĞƚǁĞĞŶ
ƚŚŽƐĞǁŝƚŚŽƌǁŝƚŚŽƵƚƌĞƐŽůƵƟŽŶŽĨĐŽŵĂ͘tĞĨŽƵŶĚĂƐƚƌŽŶŐĐŽŶĐĞŶƚƌĂƟŽŶͲ
ĞīĞĐƚ ƌĞůĂƟŽŶƐŚŝƉ ďĞƚǁĞĞŶ ƌŝĨĂŵƉŝĐŝŶ ĞǆƉŽƐƵƌĞ ĂŶĚ ŵŽƌƚĂůŝƚǇ͕  ǁŝƚŚ ŚŝŐŚĞƌ
ƌŝĨĂŵƉŝĐŝŶĞǆƉŽƐƵƌĞ ůĞĂĚŝŶŐƚŽďĞƩĞƌdDƐƵƌǀŝǀĂů͘&ƌŽŵƚŚĞĐŽŶĐĞŶƚƌĂƟŽŶͲ
ƌĞƐƉŽŶƐĞĐƵƌǀĞǁĞŽďƚĂŝŶĞĚĂƉĞĂŬƉůĂƐŵĂĐŽŶĐĞŶƚƌĂƟŽŶ ;ŵĂǆͿŽĨϮϮŵŐͬ>
ĂŶĚ Ă ƚŽƚĂů ĞǆƉŽƐƵƌĞ ŝŶ ƉůĂƐŵĂ ;hϬͲϮϰͿ ŽĨ ϭϭϲŵŐ͘Śͬ> ĂƐ ƚŚƌĞƐŚŽůĚ ǀĂůƵĞƐ
ĨŽƌďĞƩĞƌƐƵƌǀŝǀĂůŽĨdDƉĂƟĞŶƚƐ͘ϭϴϬ^ŝŵŝůĂƌĂŶĂůǇƐĞƐǁĞƌĞƉĞƌĨŽƌŵĞĚǁŝƚŚ
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ŵŽǆŝŇŽǆĂĐŝŶ͕ǇĞƚŶŽĐůĞĂƌƌĞůĂƟŽŶƐŚŝƉďĞƚǁĞĞŶŝƚƐĐŽŶĐĞŶƚƌĂƟŽŶĂŶĚŽƵƚĐŽŵĞ
ŽĨdDƉĂƟĞŶƚƐ͘
/ŶƚƌĂǀĞŶŽƵƐ ƌŝĨĂŵƉŝĐŝŶ ŝƐ ŶŽƚ ǁŝĚĞůǇ ĂǀĂŝůĂďůĞ ŝŶ ůŽǁͲƌĞƐŽƵƌĐĞ ƐĞƫŶŐƐ
ĐŽƵŶƚƌŝĞƐǁŚĞƌĞŵĂŶǇdDĐĂƐĞƐĂƌĞĞŶĐŽƵŶƚĞƌĞĚ͘ /ƚ ŝƐ ĂůƐŽĞǆƉĞŶƐŝǀĞĂŶĚ


















ŚŝŐŚĞƌ ĨŽƌ ƚŚĞϵϬϬŵŐ ;ΕϮϬŵŐͬŬŐͿ ŐƌŽƵƉĂŶĚĮǀĞͲĨŽůĚŚŝŐŚĞƌ ĨŽƌ ƚŚĞϭϯϱϬ
ŵŐ ;ΕϯϬ ŵŐͬŬŐͿ ŐƌŽƵƉ͘ dŚĞ ƐƚƵĚǇ ĂŐĂŝŶ ƐŚŽǁĞĚ ƚŚĂƚ ƚŚĞƌĞ ŝƐ ůĂƌŐĞ ŝŶƚĞƌͲ
ŝŶĚŝǀŝĚƵĂůǀĂƌŝĂďŝůŝƚǇŝŶƉůĂƐŵĂĂŶĚ^&ĚƌƵŐĞǆƉŽƐƵƌĞƚŽƌŝĨĂŵƉŝĐŝŶ͕ĂůƚŚŽƵŐŚ





dŚĞ ƐĞĐŽŶĚ ƉĂƌƚ ŽĨ ƚŚŝƐ ƚŚĞƐŝƐ ĐŽŶƚĂŝŶƐ ĐůŝŶŝĐĂůͲƌĂĚŝŽůŽŐŝĐĂů ĂŶĚ ƉƌŽŐŶŽƐƟĐ
ƐƚƵĚŝĞƐƚŚĂƚŵĂǇŚĞůƉŝŵƉƌŽǀĞŚŽƐƚͲĚŝƌĞĐƚĞĚŽƌƐƵƉƉŽƌƟǀĞƚƌĞĂƚŵĞŶƚĨŽƌdD͘
/Ŷ Chapter 5 ǁĞ ĞǆĂŵŝŶĞĚ ƌŽƵƟŶĞ ƉƌŽŐŶŽƐƟĐ ĨĂĐƚŽƌƐ ĨŽƌ ƉĂƟĞŶƚ ƐƵƌǀŝǀĂů͘
WĂƟĞŶƚƐǁŝƚŚŵǇĐŽďĂĐƚĞƌŝŽůŽŐǇ ĐŽŶĮƌŵĞĚ ;ĚĞĮŶŝƚĞͿ Žƌ ƉƌŽďĂďůĞ dDǁĞƌĞ
ŝŶĐůƵĚĞĚŝŶƚŚŝƐƉƌŽƐƉĞĐƟǀĞĐŽŚŽƌƚƐƚƵĚǇ͕ ǁŝƚŚĂŵŝŶŝŵƵŵŽĨŽŶĞͲǇĞĂƌĨŽůůŽǁͲ
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ƵƉ͘KŶĞͲǇĞĂƌŵŽƌƚĂůŝƚǇŽĨdDƉĂƟĞŶƚƐŝŶŽƵƌŚŽƐƉŝƚĂůǁĂƐϰϯ͘ϳй͘,/sŝŶĨĞĐƟŽŶ͕
ĚŝƐĞĂƐĞƐĞǀĞƌŝƚǇ͕ ŶĞƵƌŽůŽŐŝĐĂůĐŽŵƉůŝĐĂƟŽŶƐ͕ĂŶĚ ůŽǁ^&ŐůƵĐŽƐĞ ůĞǀĞůǁĞƌĞ
ĂƐƐŽĐŝĂƚĞĚǁŝƚŚŚŝŐŚĞƌƉĂƟĞŶƚŵŽƌƚĂůŝƚǇ͕ ŝŶůŝŶĞǁŝƚŚŽƚŚĞƌƐƚƵĚŝĞƐ͘/ŶĂĚĚŝƟŽŶ͕




DZ/ ŝŶ ϰϴ dD ƉĂƟĞŶƚƐ͘ ĂƐĞůŝŶĞ DZ/Ɛ ƐŚŽǁĞĚ ŵĞŶŝŶŐĞĂů ĞŶŚĂŶĐĞŵĞŶƚ
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^ĞǀĞƌĂů ƉƌĞǀŝŽƵƐ ƐƚƵĚŝĞƐ ŚĂǀĞ ƐŚŽǁŶ ďĞƩĞƌ ƚƌĞĂƚŵĞŶƚ ƌĞƐƵůƚƐ ďŽƚŚ ŝŶ ǀŝƚƌŽ
ĂŶĚŝŶĐůŝŶŝĐĂůƐƚƵĚŝĞƐǁŝƚŚŚŝŐŚĞƌĚŽƐĞƐŽĨƌŝĨĂŵƉŝĐŝŶ͕ĞƐƉĞĐŝĂůůǇŝŶƉƵůŵŽŶĂƌǇ
d͘ϵ͕ϮϭͲϮϰ DŽƐƚŽĨ ƚŚĞĐůŝŶŝĐĂů ƐƚƵĚŝĞƐŽŶŚŝŐŚĞƌĚŽƐĞƐŽĨ ƌŝĨĂŵƉŝĐŝŶĚĂƚĞďĂĐŬ







ĨƌŽŵ ŽƌĂů ƚŽ ŝŶƚƌĂǀĞŶŽƵƐ ĚƌƵŐ ĂĚŵŝŶŝƐƚƌĂƟŽŶ ƌĞƐƵůƚĞĚ ŝŶ Ă ŚŝŐŚĞƌ ĞǆƉŽƐƵƌĞ
ŝŶƉůĂƐŵĂĂŶĚ^&ĂŶĚĂ ƌĞĚƵĐƟŽŶŽĨϲͲŵŽŶƚŚŵŽƌƚĂůŝƚǇ ŝŶ dDƉĂƟĞŶƚƐ͘ϭϭ
^ŝŶĐĞ ĞǆƉŽƐƵƌĞ ŝƐ ƚŚĞ ŝŶƚĞƌŵĞĚŝĂƚĞ ůŝŶŬ ďĞƚǁĞĞŶĚŽƐĞ ĂŶĚ ƌĞƐƉŽŶƐĞ͕ ŝƚǁĂƐ
ŝŵƉŽƌƚĂŶƚ ƚŽ ĞǀĂůƵĂƚĞ ŚŽǁ ƉůĂƐŵĂ ĂŶĚ ^& ƌŝĨĂŵƉŝĐŝŶ ĐŽŶĐĞŶƚƌĂƟŽŶƐ ĂƌĞ
ůŝŶŬĞĚƚŽŽƵƚĐŽŵĞ͘dŚŝƐĂŶĂůǇƐĞƐ;ĚĞƐĐƌŝďĞĚŝŶchapter 2ͿĞŶĂďůĞĚƵƐƚŽŽďƚĂŝŶ
ƌŝĨĂŵƉŝĐŝŶƚĂƌŐĞƚĞǆƉŽƐƵƌĞǀĂůƵĞƐƚŚĂƚĐĂŶďĞƵƐĞƐĨŽƌĂƐƐĞƐƐŵĞŶƚŽĨŽƉƟŵĂů
ŽƌĂů ĚƌƵŐ ĚŽƐĞƐ ŝŶ ĚŝīĞƌĞŶƚ ƉŽƉƵůĂƟŽŶƐ ƐƵĐŚ ĂƐ ĐŚŝůĚƌĞŶ͘ϭϴϮ /Ŷ ƚŚŝƐ ƐƚƵĚǇ͕ 
ǁĞ ĨŽƵŶĚ Ă ƐƚƌŽŶŐ ĐŽŶĐĞŶƚƌĂƟŽŶͲĞīĞĐƚ ƌĞůĂƟŽŶƐŚŝƉ͕ ǁŝƚŚ ŚŝŐŚĞƌ ĞǆƉŽƐƵƌĞ
ůĞĂĚŝŶŐƚŽďĞƩĞƌƐƵƌǀŝǀĂů͘DŽƌĞŽǀĞƌ͕ ĂƌŝĨĂŵƉŝĐŝŶƉĞĂŬƉůĂƐŵĂĐŽŶĐĞŶƚƌĂƟŽŶ
;ŵĂǆͿŽĨĐĂ͘ϮϮŵŐͬ>ĂŶĚϮϰŚŽƵƌƐĞǆƉŽƐƵƌĞ;hϬͲϮϰͿŽĨĐĂ͘ϭϭϲŵŐ͘Śͬ>ǁĞƌĞ
ĚĞƌŝǀĞĚ ĂƐ ƚŚƌĞƐŚŽůĚ ǀĂůƵĞƐ ĨŽƌ ďĞƩĞƌ ϲͲŵŽŶƚŚ ƐƵƌǀŝǀĂů͘ dŚĞ ĐŽŶĐĞŶƚƌĂƟŽŶͲ
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dŚĞƌĞĨŽƌĞ͕ ŝƚ ǁĂƐ ŝŵƉŽƌƚĂŶƚ ƚŽ ĮŶĚ ƚŚĞ ĐŽŵƉĂƌĂďůĞ ŽƌĂů ĚŽƐĞ ŽĨ ƌŝĨĂŵƉŝĐŝŶ
ǁŚŝĐŚŐŝǀĞƐƐŝŵŝůĂƌƐƵƌǀŝǀĂůďĞŶĞĮƚƐƚŽϭϯŵŐͬŬŐŝŶƚƌĂǀĞŶŽƵƐůǇ͘tĞĂƐƐĞƐƐĞĚ
ƚŚŝƐ ƚŽďĞĐŝƌĐĂϮϬŵŐͬŬŐƌŝĨĂŵƉŝĐŝŶŽƌĂůůǇ͘ƐƚƵĚǇ ŝŶsŝĞƚŶĂŵĞǆĂŵŝŶĞĚϭϱ







Pharmacokinetics of high dose rifampicin
/Ŷ ƚǁŽ ĚŝīĞƌĞŶƚ ƉŚĂƐĞ // ƐƚƵĚŝĞƐ ;ĐŚĂƉƚĞƌƐ ϯ ĂŶĚ ϰͿ͕ ǁĞ ĞǀĂůƵĂƚĞĚ ƚŚĞ
ƉŚĂƌŵĂĐŽŬŝŶĞƟĐ ŝŵƉĂĐƚ ŽĨ ŝŶĐƌĞĂƐŝŶŐ ƚŚĞ ƐƚĂŶĚĂƌĚ ĚŽƐĞ ŽĨ ŽƌĂů ƌŝĨĂŵƉŝĐŝŶ
ƵƉƚŽϮϬĂŶĚϯϬŵŐͬŬŐ͘/ŶĐƌĞĂƐŝŶŐƚŚĞĚŽƐĞŽĨƌŝĨĂŵƉŝĐŝŶƌĞƐƵůƚĞĚŝŶĂŵŽƌĞ
ƚŚĂŶ ĚŽƐĞͲƉƌŽƉŽƌƟŽŶĂů ŝŶĐƌĞĂƐĞ ŽĨ ƉůĂƐŵĂ ĞǆƉŽƐƵƌĞ ;hϬͲϮϰͿ ĂŶĚ Ă ŵŽƌĞ
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ĐůĞĂƌĂŶĐĞ ĨƌŽŵ ƚŚĞ ďůŽŽĚ ĐŽŵƉĂƌƚŵĞŶƚ ŝŶĐƌĞĂƐĞƐ ŝŶ ƚŚĞ ĞĂƌůǇ ƉŚĂƐĞ ŽĨ
ƚƌĞĂƚŵĞŶƚ͕ŵĂŝŶůǇƌĞŇĞĐƚƐŝŶĚĞĐƌĞĂƐŝŶŐƉůĂƐŵĂĐŽŶĐĞŶƚƌĂƟŽŶƐĨŽůůŽǁŝŶŐƚŚĞ
ƉĞĂŬĐŽŶĐĞŶƚƌĂƟŽŶ͕ǁŝƚŚĂĐŽŶƐĞƋƵĞŶƚƌĞĚƵĐƟŽŶŝŶŚĂůĨͲůŝĨĞ͘ϱϴ͘






ĐƌŝƟĐĂůůǇ ŝůůͶƐƵĐŚ ĂƐ dDͶƉĂƟĞŶƚƐ ĐĂŶ ĨƵƌƚŚĞƌ ĂůƚĞƌ ƚŚĞ ƉŚĂƌŵĂĐŽŬŝŶĞƟĐ
ƉƌŽĮůĞŽĨĂĚƌƵŐĚƵĞƚŽƚŚĞĐŚĂŶŐĞƐŝŶƉĂƟĞŶƚƐ͛ĂďŝůŝƚǇƚŽĂďƐŽƌď͕ŵĞƚĂďŽůŝǌĞ͕
ĚŝƐƚƌŝďƵƚĞ͕ ĂŶĚ ĞůŝŵŝŶĂƚĞ ĂŶƟďŝŽƟĐƐ͘ϳϳ͕ϳϴ͕ϭϴϳ /ŵƉŽƌƚĂŶƚůǇ͕ ǁĞ ĨŽƵŶĚ ƚŚĂƚ
ƚŚĞ ůŽǁĞƐƚ ŽďƐĞƌǀĞĚ ƌŝĨĂŵƉŝĐŝŶ ĞǆƉŽƐƵƌĞ ĂŶĚ ƉĞĂŬ ĐŽŶĐĞŶƚƌĂƟŽŶ ǀĂůƵĞƐ
ĂůƐŽ ŝŶĐƌĞĂƐĞĚǁŝƚŚ ĞǀĞƌǇ ĚŽƐĞ ŝŶĐƌĞŵĞŶƚ͘ /ƚ ŝƐ ƚŚĞƐĞ ƉĂƟĞŶƚƐǁŝƚŚ ůŽǁĞƌ
ĞǆƉŽƐƵƌĞƐƚŚĂƚŵĂǇďĞĐŽŶĨƌŽŶƚĞĚǁŝƚŚƐƵďŽƉƟŵĂůƌĞƐƉŽŶƐĞƚŽdŽƌdD




ƉƌĞͲƐǇƐƚĞŵŝĐ ŵĞƚĂďŽůŝĐ ĂŶĚ ƚƌĂŶƐƉŽƌƚ ƌŽƵƚĞƐ ŝŶ ĚĞƚĞƌŵŝŶŝŶŐ ƚŚĞ ĞǀĞŶƚƵĂů
ĞǆƉŽƐƵƌĞƚŽƚŚĞĚƌƵŐ͘
KŶĞůŝŵŝƚĂƟŽŶŽĨƚŚĞƉŚĂƌŵĂĐŽŬŝŶĞƟĐĞǀĂůƵĂƟŽŶƐŝŶŽƵƌƚŚƌĞĞdDƉŚĂƐĞ//
ƚƌŝĂůƐ ƌĞůĂƚĞĚ ƚŽ ƚŚĞƉĂƟĞŶƚƉŽƉƵůĂƟŽŶ ŝŶĐůƵĚĞĚ ŝŶŽƵƌ ƚƌŝĂůƐ͕ǁŝƚŚ ƌĞůĂƟǀĞůǇ





ŽĨĚƌƵŐͲĚƌƵŐ ŝŶƚĞƌĂĐƟŽŶƐ͕ ĨŽƌ ŝŶƐƚĂŶĐĞďĞƚǁĞĞŶƌŝĨĂŵƉŝĐŝŶĂŶĚĂŶƟƌĞƚƌŽǀŝƌĂů
ĚƌƵŐƐ͘ ZŝĨĂŵƉŝĐŝŶ ŝƐ Ă ƐƚƌŽŶŐ ŝŶĚƵĐĞƌ ŽĨ ŵĂŶǇ ŵĞƚĂďŽůŝĐ ĂŶĚ ƚƌĂŶƐƉŽƌƚĞƌ
ĞŶǌǇŵĞƐ͕ϭϵϬďƵƚŝƚŝƐůĂƌŐĞůǇƵŶŬŶŽǁŶŝĨƚŚŝƐĞīĞĐƚŝƐƐƚƌŽŶŐĞƌǁŝƚŚƵƐĞŽĨŚŝŐŚͲ
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ĚŽĞƐŶŽƚ ĂīĞĐƚ ƚŚĞĞǆƉŽƐƵƌĞ ƚŽ ŝƐŽŶŝĂǌŝĚ͕ƉǇƌĂǌŝŶĂŵŝĚĞĂŶĚĞƚŚĂŵďƵƚŽů͕ ĂƐ
ĐŽŵƉĂƌĞĚƚŽƐƚĂŶĚĂƌĚĚŽƐĞƌŝĨĂŵƉŝĐŝŶ͘ϲϮ͕ϴϭ
Efﬁcacy of high dose rifampicin
tĞƉƌĞǀŝŽƵƐůǇĨŽƵŶĚƚŚĂƚŝŶƚƌĂǀĞŶŽƵƐƌŝĨĂŵƉŝĐŝŶϭϯŵŐͬŬŐĨŽƌƚǁŽǁĞĞŬƐůĞĚ
ƚŽĂ ƚŚƌĞĞͲĨŽůĚŚŝŐŚĞƌĞǆƉŽƐƵƌĞ ƚŽ ƌŝĨĂŵƉŝĐŝŶ ŝŶƉůĂƐŵĂĂŶĚ ŝƚ ƌĞĚƵĐĞĚϱϬй
ŵŽƌƚĂůŝƚǇŽĨdDƉĂƟĞŶƚƐĂƐĐŽŵƉĂƌĞĚƚŽƉĂƟĞŶƚƐǁŝƚŚĂƐƚĂŶĚĂƌĚƌŝĨĂŵƉŝĐŝŶ
ĚŽƐĞ͕ ĂůƚŚŽƵŐŚ ŝƚ ƐŚŽƵůĚďĞŶŽƚĞĚ ƚŚĂƚ ƚŚĞ ĐŽŶĮĚĞŶĐĞ ŝŶƚĞƌǀĂůƐ ĂƌŽƵŶĚ ƚŚĞ
ŵŽƌƚĂůŝƚǇ ƌĞĚƵĐƟŽŶ ǁĞƌĞ ǁŝĚĞ ŝŶ ƚŚŝƐ ƐŵĂůů ƐƚƵĚǇ͘ϭϭ tĞ ĐŽŶĚƵĐƚĞĚ ƚǁŽ
ĐůŝŶŝĐĂůƚƌŝĂůƐƚŽĮŶĚƚŚĞŽƌĂůĚŽƐĞŽĨƌŝĨĂŵƉŝĐŝŶ;ϯϬŵŐͬŬŐĚĂŝůǇͿƚŚĂƚƌĞƐƵůƚĞĚ
ŝŶ ƐŝŵŝůĂƌĞĸĐĂĐǇ͘dŚĞϭϲ͘ϳŵŐͬŬŐĂŶĚϮϬŵŐͬŬŐŽƌĂů ƌŝĨĂŵƉŝĐŝŶ ƌĞƐƵůƚĞĚ ŝŶ




ĂŶƟďŝŽƟĐ ĞīĞĐƚ͘ϭϵϱ EĞǀĞƌƚŚĞůĞƐƐ͕ ŵŽƌĞ ƌĞĐĞŶƚ ƉƌĞĐůŝŶŝĐĂů ƐƚƵĚŝĞƐ ŝŶĚŝĐĂƚĞ
ƚŚĂƚ ƚŚĞĂƌĞĂͲƵŶĚĞƌ ƚŚĞĐŽŶĐĞŶƚƌĂƟŽŶͲƟŵĞĐƵƌǀĞ ;hͿĚŝǀŝĚĞĚďǇ ƚŚĞD/
ĐŽƌƌĞůĂƚĞƐ ďĞƩĞƌ ǁŝƚŚ ŵŝĐƌŽďŝĂů ŬŝůůŝŶŐ ĂďŝůŝƚǇ ŽĨ ƌŝĨĂŵƉŝĐŝŶ ;ŝ͘Ğ͘ ͚ĞǆƉŽƐƵƌĞͲ
ĚĞƉĞŶĚĞŶƚ͛ŬŝůůŝŶŐͿ͕ĐŽŵƉĂƌĞĚƚŽƚŚĞǀĂůƵĞŽĨŵĂǆͬD/͘ϵ͕ϮϬ
dŚĞ ϯϬ ŵŐͬŬŐ ŽƌĂů ƌŝĨĂŵƉŝĐŝŶ ƐƚƵĚŝĞĚ ŝŶ ŽƵƌ ƚŚŝƌĚ ƚƌŝĂů ƌĞƐƵůƚĞĚ ŝŶ ĚƌƵŐ









ďĂĐŝůůĂƌǇ ůŽĂĚĂŶĚŵŽƌĞƐĞǀĞƌĞĚŝƐĞĂƐĞ ŝŶƚŚĞƐĞƐƚƵĚǇƉĂƟĞŶƚƐ͕Žƌ ŝŵƉƌŽǀĞĚ
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ŽĨ dD ƉĂƟĞŶƚƐ ǁŚĞŶ ŝƚ ĐŽŵĞƐ ƚŽ ƐĞǀĞƌŝƚǇ ŽĨ dD͘ DŽƐƚ ŽĨ ƚŚĞ ƉĂƟĞŶƚƐ
ŝŶĐůƵĚĞĚŚĂĚDZŐƌĂĚĞ//͘ZĞƐƉŽŶƐĞƚŽŚŝŐŚĚŽƐĞƌŝĨĂŵƉŝĐŝŶŵĂǇƉŽƐƐŝďůǇďĞ
ĚŝīĞƌĞŶƚŝŶƉĂƟĞŶƚƐǁŝƚŚůĞƐƐ;DZŐƌĂĚĞ/ͿŽƌŵŽƌĞƐĞǀĞƌĞ;ŐƌĂĚĞ///ͿdD͘
ƐĂŶŽƚŚĞƌ ůŝŵŝƚĂƟŽŶǁĞ ŝŶĐůƵĚĞĚƌĞůĂƟǀĞůǇ ĨĞǁƉĂƟĞŶƚƐǁŝƚŚ,/sͲŝŶĨĞĐƟŽŶ͕
ǁŚŝĐŚŝƐƌĞĐŽŐŶŝǌĞĚĂƐĂƉƌĞĚŝĐƚŽƌŽĨ;ƐƵďŽƉƟŵĂůͿƌĞƐƉŽŶƐĞƚŽdDƚƌĞĂƚŵĞŶƚ͘






ŵŐͬŬŐŽĨŽƌĂů ƌŝĨĂŵƉŝĐŝŶ͕ ĂůƚŚŽƵŐŚ ƚŚĞƐĞ ůĂƩĞƌƉĂƟĞŶƚƐǁĞƌĞƉƵůŵŽŶĂƌǇd
ƉĂƟĞŶƚƐǁŚŽǁĞƌĞůĞƐƐƐĞǀĞƌĞůǇŝůů͘ϲϮ͕ϴϭ
ZŝĨĂŵƉŝĐŝŶ ĐĂŶ ďĞ ĐŽŶƐŝĚĞƌĞĚ ĂƐ Ă ůĞƐƐ ƚŽǆŝĐ ĚƌƵŐ ĐŽŵƉĂƌĞĚ ƚŽ ŽƚŚĞƌ ĮƌƐƚͲ
ůŝŶĞ d ĚƌƵŐƐ͕ ŝ͘Ğ͘ ƉǇƌĂǌŝŶĂŵŝĚĞ͘ϭϬ ZŝĨĂŵƉŝĐŝŶ ƚŽǆŝĐŝƚǇ ǁĂƐ ƌĞƉŽƌƚĞĚ ĂŌĞƌ
ŚŝŐŚͲĚŽƐĞ ŝŶƚĞƌŵŝƩĞŶƚ ĂĚŵŝŶŝƐƚƌĂƟŽŶ ;ŽŶĐĞ Žƌ ƚǁŝĐĞ ǁĞĞŬůǇͿ ŽĨ ƚŚĞ ĚƌƵŐ
ŝŶ ƚŚĞ ϭϵϳϬƐ ĂŶĚ ŵĂŶŝĨĞƐƚĞĚ ĂƐ ͞ŇƵͲůŝŬĞ ƐǇŶĚƌŽŵĞ͘͟  /ƚ ĂƉƉĞĂƌĞĚ ƚŚĂƚ ƚŚĞ
ŝŶƚĞƌŵŝƩĞŶĐǇŽĨƚŚĞĚŽƐŝŶŐƌĂƚŚĞƌƚŚĂŶƚŚĞŚĞŝŐŚƚŽĨƚŚĞĚŽƐĞǁĂƐƌĞůĂƚĞĚƚŽ
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d ĚƌƵŐƐ ŝŶ ƉĂƟĞŶƚƐǁŝƚŚ ĞůĞǀĂƚĞĚ ďůŽŽĚ ůŝǀĞƌ ĨƵŶĐƟŽŶƐ ŚĂƐ ƚŽ ďĞ ĐĂƌĞĨƵůůǇ
ĞǀĂůƵĂƚĞĚ͘ǆƉĞƌƚŽƉŝŶŝŽŶƌĞĐŽŵŵĞŶĚƐϭϬƟŵĞƐh>EŝŶŐƌĂĚĞ/ĂŶĚƵƉƚŽϮϬ
ƟŵĞƐh>EŽĨ^dĂƐĂĐƵƚŽīĨŽƌdĚƌƵŐƚĞƌŵŝŶĂƟŽŶŝŶdDƉĂƟĞŶƚƐ͘




ĐĂƌĚŝŽƚŽǆŝĐŝƚǇ͕  ŚǇƉĞƌƐĞŶƐŝƟǀŝƚǇ͕  ĂŶĚ ŚĂĞŵĂƚŽůŽŐŝĐĂů ĐŚĂŶŐĞƐͿ͘ ůů ŽƚŚĞƌ
ĂĚǀĞƌƐĞĞǀĞŶƚƐ;Ğ͘Ő͘ŶĞǁŶĞƵƌŽůŽŐŝĐĂůƐŝŐŶƐĂŶĚƌĞƐƉŝƌĂƚŽƌǇĨĂŝůƵƌĞͿǁĞƌĞŶŽƚ
ŝŶĐŽƌƉŽƌĂƚĞĚŝŶƚŚĞĂƐƐĞƐƐŵĞŶƚŽĨƐĂĨĞƚǇĂŶĚƚŽǆŝĐŝƚǇ͘
KƵƌĮƌƐƚdD ƚƌŝĂůǁŝƚŚŚŝŐŚĚŽƐĞ ƌŝĨĂŵƉŝĐŝŶǁĂƐƵŶďůŝŶĚĞĚ ;ŽƉĞŶͿ͕ ŝŶ ǀŝĞǁ
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EĞǆƚ͕ƚŚĞƚĂďůĞϴ͘ϮĚŝƐƉůĂǇƐƚŚĞƌĞƐƵŵĞŽĨƌĞƐĞĂƌĐŚƋƵĞƐƟŽŶƐ͕ƚŚĞĮŶĚŝŶŐƐ͕ĂŶĚ




Research ﬁndings and recommendations related to high-dose rifampicin
Questions Findings Recommendations 
What is the relationship 
between plasma and CSF 
rifampicin exposure and 
clinical outcome? 
Strong concentration-effect 
relationship with higher 
exposure of rifampicin leading 
to better survival 
Rifampicin AUC0-24h 116 mg.h/L 
and Cmax 22 mg/L during the 
first critical days as thresholds 
for better outcome 
Highest desirable exposure not 
reached with intravenous 
rifampicin 13mg/kg 
Applying high-dose oral 
rifampicin rather than i.v. 
administration. 
Validation in different 
population 
Can higher doses oral 
rifampicin attain similar 
drug exposure as 600 mg 
(13 mg/kg) intravenous 
rifampicin? 
900 mg (~20mg/kg) oral 
rifampicin leads to similar total 
exposure but not peak 
concentration compared to i.v. 
rifampicin  
Applying higher than 20 
mg/kg oral rifampicin 
What is the 
pharmacokinetic profile, 
safety and benefit of oral 
rifampicin up to 30mg/kg?  
Oral rifampicin 1350 mg 
(~30mg/kg) yielded highest 
total rifampicin exposure, was 
safe and associated with a 
trend towards lower mortality  
Survival benefit of 30mg/kg 
should be verified in the 
larger phase III trial 
524329-L-bw-Dian
Processed on: 17-9-2018 PDF page: 171
171Summary and general discussion
8
PROGNOSTIC STUDIES FOR OUTCOME AND POTENTIAL HOST-
DIRECTED THERAPY OF TUBERCULOUS MENINGITIS
/Ŷ ƚŚĞ ƐĞĐŽŶĚ ƉĂƌƚ ŽĨ ƚŚŝƐ ƚŚĞƐŝƐ͕ ǁĞ ĞǆĂŵŝŶĞĚ ƐĞǀĞƌĂů ƉŽƐƐŝďůĞ ƉƌŽŐŶŽƐƟĐ
ŵĂƌŬĞƌƐ ĨŽƌ dD͘ dDŵŽƌƚĂůŝƚǇ ŝƐ ĞǆƚƌĞŵĞůǇ ŚŝŐŚ͕ ĂŶĚ ŝŶ ŽƌĚĞƌ ƚŽ ƌĞĚƵĐĞ
ƚŚĞŵĂƐƐŝǀĞ ďƵƌĚĞŶ ŽĨ ƚŚŝƐ ĚŝƐĞĂƐĞ͕ǁĞ ƚƌǇ ƚŽ ƐŚŝŌ ŽƵƌ ĨŽĐƵƐ ĨƌŽŵ ŽƉƟŵĂů
ĂŶƟŵŝĐƌŽďŝĂů ƚƌĞĂƚŵĞŶƚ ƚŽǁĂƌĚƐ ŚŽƐƚͲĚŝƌĞĐƚĞĚ ĂŶĚ ƐƵƉƉŽƌƟǀĞ ƚƌĞĂƚŵĞŶƚ͘






ƌŝƐŬ ĨĂĐƚŽƌ ĨŽƌ ĚĞĂƚŚ͕ ŚĂƐ Ă ŵƵĐŚ ůŽǁĞƌ ƉƌĞǀĂůĞŶĐĞ ŝŶ ŽƵƌ ƐĞƫŶŐ ;ΕϭϱйͿ͕





Clinical and inﬂammatory markers
ĂŵĂŐŝŶŐ ŝŶŇĂŵŵĂƟŽŶ͕ Žƌ ͚ŝŵŵƵŶŽƉĂƚŚŽůŽŐǇ͕͛  ƐĞĞŵƐ Ă ĐƌŝƟĐĂů ĨĂĐƚŽƌ ŝŶ
ŽƵƚĐŽŵĞ ŽĨ dD͘ /ŶĚĞĞĚ͕ ŝŶ ŽƵƌ ƐƚƵĚǇ ;ŚĂƉƚĞƌ ϱͿ ŝŶŇĂŵŵĂƚŽƌǇ ŵĂƌŬĞƌƐ
ŝŶĐůƵĚŝŶŐ ůŽǁ ^& ŐůƵĐŽƐĞ ůĞǀĞů͕ ĨĞǀĞƌ͕  Ă ƉƌĞĚŽŵŝŶĂŶĐĞ ŽĨ ŶĞƵƚƌŽƉŚŝůƐ ŝŶ
^&͕  ďůŽŽĚ ŶĞƵƚƌŽƉŚŝůŝĂ͕ ĂŶĚ ŚŝŐŚ ďůŽŽĚ ŵŽŶŽĐǇƚĞ ƚŽ ůǇŵƉŚŽĐǇƚĞ ƌĂƟŽ
ĂůƐŽƉƌĞĚŝĐƚĞĚĂƉŽŽƌŽƵƚĐŽŵĞŽĨdD͘ĂǀŝƐĞƚĂů ƐƵŐŐĞƐƚĞĚ ƚǁŽ ƚŚŝŶŐƐ ƚŽ
ŽƉƟŵŝǌĞ ƚŚĞ ŵĂŶĂŐĞŵĞŶƚ ŽĨ dD ƉĂƟĞŶƚƐ͕ ŝ͘Ğ͘ ŝŶǀŽůǀŝŶŐ ŵĂŶĂŐĞŵĞŶƚ ŽĨ
ŚŽƐƚ ŝŶŇĂŵŵĂƚŽƌǇ ƌĞƐƉŽŶƐĞ ĂŶĚ ƐƵƉƉŽƌƟǀĞ ŝŶƚĞƌǀĞŶƟŽŶƐ ƚŽ ƌĞĚƵĐĞ ƌĂŝƐĞĚ
ŝŶƚƌĂĐƌĂŶŝĂůƉƌĞƐƐƵƌĞ͘ϮϬϬĚũƵŶĐƟǀĞŚŽƐƚͲĚŝƌĞĐƚĞĚƚŚĞƌĂƉǇŚĂƐďĞĞŶĚĞǀĞůŽƉĞĚ
ƚŽ ĞŶŚĂŶĐĞ ƉƌŽƚĞĐƟǀĞ ŝŵŵƵŶŝƚǇ Žƌ ƌĞŐƵůĂƚĞ ƉĂƚŚŽůŽŐŝĐĂů ƟƐƐƵĞͲĚĂŵĂŐŝŶŐ
ŝŵŵƵŶŝƚǇ͘ϮϬϭ ĞǆĂŵĞƚŚĂƐŽŶĞ ŝƐ ŶŽǁ ƉĂƌƚ ŽĨ ƐƚĂŶĚĂƌĚ ƚƌĞĂƚŵĞŶƚ ĂƐ ŝƚ ŚĂƐ
ďĞĞŶƐŚŽǁŶƚŽƌĞĚƵĐĞŵŽƌƚĂůŝƚǇ͘ϰϮ,ŽǁĞǀĞƌ͕ ŝƚƐĞīĞĐƚŝŶ,/sͲŝŶĨĞĐƚĞĚƉĂƟĞŶƚƐ
ŝƐ ƵŶƉƌŽǀĞŶ͕ ĂŶĚ ŝƚƐ ĞīĞĐƚ ǁĂŶĞƐ ŽǀĞƌ ƟŵĞ͘ϮϬϮ ĞǆĂŵĞƚŚĂƐŽŶĞ ĐĂŶ ƌĂƉŝĚůǇ
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ƉƌĞǀĞŶƚ ŶĞƵƚƌŽƉŚŝů ĚĞŐƌĂŶƵůĂƟŽŶ ĂŶĚ ƌĞƐƚƌŝĐƚ ƚŚĞ ƌĞůĞĂƐĞ ŽĨ ŶĞƵƚƌŽƉŚŝůͲ
ĚĞƌŝǀĞĚƉƌŽƚĞŝŶƐ ůĞĂĚŝŶŐ ƚŽ ƐŝŐŶŝĮĐĂŶƚ ƌĞĚƵĐƟŽŶŽĨ^&ƉƌŽƚĞŝŶ͘ϮϬϯ͕ϮϬϰKŶ ƚŚĞ
ŽƚŚĞƌŚĂŶĚ͕ĚĞǆĂŵĞƚŚĂƐŽŶĞĚŽĞƐŶŽƚĞǀŝĚĞŶƚůǇĐŽŶƚƌŽů^&ŐůƵĐŽƐĞ ƌĂƟŽĂƐ
ǁĞůůĂƐǁŚŝƚĞĐĞůůĐŽƵŶƚ͘ϰϮ
WƌŽŐŶŽƐƟĐ ƐƚƵĚŝĞƐ ŵĂǇ ǇŝĞůĚ ĚŝīĞƌĞŶƚ ƉƌĞĚŝĐƚŽƌƐ ŝŶ ĚŝīĞƌĞŶƚ ƉŽƉƵůĂƟŽŶƐ͘
^ŽŵĞ ŽĨ ŽƵƌ ĮŶĚŝŶŐƐ ǁĞƌĞ ŝŶ ĂŐƌĞĞŵĞŶƚ ǁŝƚŚ ƉƌŽŐŶŽƐƟĐ ƐƚƵĚŝĞƐ ĨƌŽŵ
sŝĞƚŶĂŵ͕ŝŶĐůƵĚŝŶŐůŽǁ^&ŐůƵĐŽƐĞůĞǀĞů͕ůŽǁĞƌůĞǀĞůŽĨ^&ůǇŵƉŚŽĐǇƚĞƐ͕ůŽǁ
'ůĂƐŐŽǁ ŽŵĂ ^ĐĂůĞ͕ ĂŶĚ ĨŽĐĂů ŶĞƵƌŽůŽŐŝĐĂů ƐŝŐŶ͕ϭϲ͕ϵϳ͕ϭϱϲ͕ϮϬϱ ďƵƚ ŽƚŚĞƌƐ ǁĞƌĞ
ŶŽƚ͘&ŽƌĞǆĂŵƉůĞ͕ ƌĞƐĞĂƌĐŚĞƌƐ ĨƌŽŵsŝĞƚŶĂŵĨŽƵŶĚŶŽĂƐƐŽĐŝĂƟŽŶƐďĞƚǁĞĞŶ
ďůŽŽĚŶĞƵƚƌŽƉŚŝůŝĂ͕ϭϲ͕ϵϳ^&ĐƵůƚƵƌĞƉŽƐŝƟǀŝƚǇ͕ ĂŶĚĨĞǀĞƌǁŝƚŚdDŵŽƌƚĂůŝƚǇ͘ϭϱϲ
dŚĞƌĞĨŽƌĞ͕ Ă ǀĂůŝĚĂƟŽŶ ƐƚƵĚǇ ŝŶ ĚŝīĞƌĞŶƚ ƐĞƫŶŐƐ ŝƐ ŶĞĐĞƐƐĂƌǇ͕ ϮϬϲ ĂƐ ǁĞ ĚŝĚ
ĨŽƌ ŽŶĞ ŽĨ ƚŚĞ ƉƌŽŐŶŽƐƟĐ ĂůŐŽƌŝƚŚŵƐ ĚĞǀĞůŽƉĞĚ ďǇ sŝĞƚŶĂŵ ŐƌŽƵƉ͘ϭϱϲ tĞ
ĨŽƵŶĚƚŚĞƉƌĞĚŝĐƚĞĚŵŽƌƚĂůŝƚǇĚĞǀĞůŽƉĞĚďǇdŚĂŽ͕Ğƚ͘ĂůǁĂƐĂƚůŽǁĂŐƌĞĞŵĞŶƚ
ǁŝƚŚ ŽďƐĞƌǀĞĚŵŽƌƚĂůŝƚǇ ŝŶ ĂŶĚƵŶŐ͕ ǁŝƚŚ Ă ĐŽƌƌĞƐƉŽŶĚŝŶŐ ĂƌĞĂ ƵŶĚĞƌ ƚŚĞ
ĐƵŵƵůĂƟǀĞͬĚǇŶĂŵŝĐZKĐƵƌǀĞ;hͿŽĨϬ͘ϲϬ;ϵϱй/Ϭ͘ϱϰͲϬ͘ϲϲͿ͘ϮϬϲ
Figure 8.2 WĞƌĨŽƌŵĂŶĐĞŽĨ ƚŚĞdDŵŽƌƚĂůŝƚǇ ĐĂůĐƵůĂƚŽƌ ;ZK ĐƵƌǀĞƐͿ ĂŵŽŶŐ
ϱϮϰ,/sͲƵŶŝŶĨĞĐƚĞĚdDƉĂƟĞŶƚƐŝŶ/ŶĚŽŶĞƐŝĂ͕ƌĞƐƵůƟŶŐŝŶĂĐŽƌƌĞƐƉŽŶĚŝŶŐĂƌĞĂ
ƵŶĚĞƌƚŚĞĐƵŵƵůĂƟǀĞͬĚǇŶĂŵŝĐZKĐƵƌǀĞ;hͿŽĨϬ͘ϲϬ;ϵϱй/Ϭ͘ϱϰͲϬ͘ϲϲͿ͘
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ĂŶĚ ŽƵƚĐŽŵĞŽĨ dD͘ <ŶŽǁŝŶŐ ƉƌĞĚŝĐƚŽƌƐ ŽĨŵŽƌƚĂůŝƚǇ ƐŚŽƵůĚ ĂůƐŽ ŝŵƉƌŽǀĞ
ŽƵƌ ƵŶĚĞƌƐƚĂŶĚŝŶŐ ŽŶ ŶĞǁ ƉĂƚŚǁĂǇƐ͕ ĂŶĚ ƚŚĞ ŚĞƚĞƌŽŐĞŶĞŝƚǇ ĂŶĚ ĚǇŶĂŵŝĐƐ
ŽĨ ŝŵŵƵŶĞ ƌĞƐƉŽŶƐĞƐ͕ ĂŶĚ ƚŚĞďĂůĂŶĐĞŽĨ ŝŶŇĂŵŵĂƟŽŶǀƐ͘ďĂĐƚĞƌŝĂů ŬŝůůŝŶŐ͕
ǁŝƚŚƚŚĞƵůƟŵĂƚĞŐŽĂůŽĨĚĞǀĞůŽƉŝŶŐŵŽƌĞĞīĞĐƟǀĞŚŽƐƚĚŝƌĞĐƚĞĚƚƌĞĂƚŵĞŶƚ͘ϮϬϴ
dƌĂŶƐůĂƟŽŶĂůƌĞƐĞĂƌĐŚƐƵĐŚĂƐŝŶǀŝƚƌŽŵŽĚĞůƐŽĨďůŽŽĚďƌĂŝŶďĂƌƌŝĞƌĂŶĚďůŽŽĚ
















^& ĚŝǀĞƌƐŝŽŶ ƚĞĐŚŶŝƋƵĞƐ ƐƵĐŚ ĂƐ ǀĞŶƚƌŝĐƵůŽƉĞƌŝƚŽŶĞĂů ƐŚƵŶƚƐ ;sW^Ϳ ĂŶĚ
ĞŶĚŽƐĐŽƉŝĐ ƚŚŝƌĚ ǀĞŶƚƌŝĐƵůŽƐƚŽŵǇϮϭϬͶĐŽŵŵƵŶŝĐĂƟŶŐ ŚǇĚƌŽĐĞƉŚĂůƵƐ ĐĂŶ ďĞ
ŵĂŶĂŐĞĚŵĞĚŝĐĂůůǇ͘ϮϬϬ
tĞ ĨŽƵŶĚ Ă ŚŝŐŚ ŝŶĐŝĚĞŶĐĞ ŽĨ ƚƵďĞƌĐƵůŽŵĂƐ ŝŶ ƚŚĞ ďĂƐĞůŝŶĞ DZ/ ĂƐ ǁĞůů
ĂƐƉĂƌĂĚŽǆŝĐĂů ƌĞƐƉŽŶƐĞ ŝŶ ƚŚĞϲϬĚĂǇƐ ĨŽůůŽǁͲƵƉDZ/ŽĨ dDƉĂƟĞŶƚƐ͘ dŚĞ
ŚŝŐŚĞƌƉƌŽƉŽƌƟŽŶŽĨƚƵďĞƌĐƵůŽŵĂƐŝŶŽƵƌƐƚƵĚǇŵĂǇďĞĚƵĞƚŽƚŚĞƵƐĞŽĨϯ
DWͲZ'͘ dŚĞ ƚŚŝŶŶĞƌ ŐĂƉďĞƚǁĞĞŶ ƐůŝĐĞƐ ŝŶ ƚŚŝƐƉƌŽƚŽĐŽů ĂůůŽǁĞĚĂ ƌŽďƵƐƚ
ĚĞƚĞĐƟŽŶŽĨďƌĂŝŶůĞƐŝŽŶ͕ŝŶĐůƵĚŝŶŐƚƵďĞƌĐƵůŽŵĂƐĂŶĚŵĞŶŝŶŐĞĂůĞŶŚĂŶĐĞŵĞŶƚ͘
dƵďĞƌĐƵůŽŵĂƐ ǁĞƌĞ ĂƐƐŽĐŝĂƚĞĚ ǁŝƚŚ ŵŽƚŽƌ ĚĞĮĐŝƚƐ͕ ǇĞƚ ŶŽƚ ƉƌĞĚŝĐƚĞĚ ƚŚĞ
ϲͲŵŽŶƚŚŵŽƌƚĂůŝƚǇŽƌƉĂƌĂĚŽǆŝĐĂůǁŽƌƐĞŶŝŶŐ͘dŚŝƐĮŶĚŝŶŐĐŽŶĮƌŵƐƚŚĞƉƌĞǀŝŽƵƐ
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ŽďƐĞƌǀĂƟŽŶďǇdŚǁĂŝƚĞƐĞƚ͘Ăů͘ϯϬŽŶƐĞŶƐƵƐƐƵŐŐĞƐƚƐĨŽƵƌĂŶƟͲƚƵďĞƌĐƵůŽƵƐĚƌƵŐƐ




















,ǇƉŽŶĂƚƌĞŵŝĂ ǁĂƐ ĨŽƵŶĚ ŝŶ ϴϯй ĂŶĚ ŵŽƐƚůǇ ŵŽĚĞƌĂƚĞ ƚŽ ƐĞǀĞƌĞ͘
,ǇƉŽŶĂƚƌĞŵŝĂ ŝŶ dD ŵĂǇ ƌĞƐƵůƚĞĚ ĨƌŽŵ ŶĞƵƌŽĞŶĚŽĐƌŝŶĞ ĚǇƐĨƵŶĐƟŽŶ ŝŶ
ƐŽĚŝƵŵ ĂŶĚ ǁĂƚĞƌ ďĂůĂŶĐĞ ƌĞŐƵůĂƟŽŶ͘ϯϭ ZĞĐƵƌƌĞŶƚ ǀŽŵŝƟŶŐ ĂŶĚ ŶƵƚƌŝƟŽŶĂů
ĚĞĮĐŝĞŶĐǇ ĐĂŶ ĂůƐŽ ǁŽƌƐĞŶ ƚŚĞ ƐŽĚŝƵŵ ďĂůĂŶĐĞ ŽĨ dD ƉĂƟĞŶƚ͘ϯϮ /Ŷ ŽƵƌ
ĐŽŚŽƌƚ͕ ƐĞǀĞƌĞ ŚǇƉŽŶĂƚƌĞŵŝĂ ǁĂƐ ĂƐƐŽĐŝĂƚĞĚ ǁŝƚŚ ĐŽŶĐŽŵŝƚĂŶƚ ƉƵůŵŽŶĂƌǇ
d͕ĂůŽǁĞƌ'^͕ŵŽƌĞƉƌŽŶŽƵŶĐĞĚƌŽƵƟŶĞďůŽŽĚĂŶĚ^&ĂďŶŽƌŵĂůŝƟĞƐ͕ĂŶĚ
ƉŽƐŝƟǀĞ^& ĐƵůƚƵƌĞ͘tŚŝůƐƚ ƚŚŝƐ ƐƚƵĚǇĚŝĚŶŽƚ ĐŽŶĮƌŵ ƚŚĞŚǇƉŽŶĂƚƌĞŵŝĂĂƐ
ƚŚĞĐĂƵƐĞŽĨĚĞĂƚŚďŽƚŚǁŝƚŚŵƵůƟƉůĞƌĞŐƌĞƐƐŝŽŶŽƌĐĂƵƐĂůŵŽĚĞůůŝŶŐĂŶĂůǇƐĞƐ͕
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Research ﬁndings and recommendations related to prognostic studies
Prognostic markers and potential treatment targets 
Do clinical and inflammatory 
variables correlate with TBM 
mortality? 
Factors associated with higher 
mortality include: fever, motor 
abnormalities, low CSF/blood 
glucose ratio, high CSF and blood 
neutrophils, CSF culture positivity, 
high blood monocyte to 
lymphocyte ratio  
Possible clinical trials, e.g. 
evaluating aggressive fever 
control 
What is the clinical relevance of 
hyponatremia? 
Hyponatremia is very common and 
associated with more severe 
disease but not with increased 
mortality 
Optimization of microbial-
directed therapy along with 
blood sodium correction 
What is the clinical relevance of 
neuroradiology abnormalities, 
and its association with 
mortality and functional 
outcome? 
Meningeal enhancement, 
tuberculoma, infarction, and 
hydrocephalus were common 
among TBM cases and associated 
with CSF inflammation 
Paradoxical reaction was common 
and mainly as miliary type of 
tuberculoma 
Neuroradiology abnormalities were 
not associated with 6-month 
outcome 
Brain MRI might help for early 
diagnosis, evaluate treatment 
response and paradoxical 
reaction, especially among 
TBM patients with 
contraindication to LP 
Do not stop anti-tuberculosis 
for patients with paradoxical 
response 
Further study with larger 
sample size and recruitment of 
non-TBM patients as the 
control group. 
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ĂǀŝƐ Ğƚ͘Ăů ƐƵŵŵĂƌŝƐĞƐ ƚŚƌĞĞ ĂƐƉĞĐƚƐ ŽĨ dD ŵĂŶĂŐĞŵĞŶƚ͕ ŝ͘Ğ͘ ĞīĞĐƟǀĞ
ĂŶƟŵŝĐƌŽďŝĂů ƚƌĞĂƚŵĞŶƚ͕ ĂŶƟͲŝŶŇĂŵŵĂƚŽƌǇ ƚƌĞĂƚŵĞŶƚ͕ ĂŶĚ ƐƵƉƉŽƌƟǀĞ
ŝŶƚĞƌǀĞŶƟŽŶĨŽƌĐŽŶƚƌŽůůŝŶŐŚŝŐŚŝŶƚƌĂĐƌĂŶŝĂůƉƌĞƐƐƵƌĞ͘ϮϬϬZĞŐĂƌĚŝŶŐĂŶĞīĞĐƟǀĞ
ĂŶƟŵŝĐƌŽďŝĂůƚƌĞĂƚŵĞŶƚ͕ƚŚĞE/,dDǁƌŝƟŶŐŐƌŽƵƉůĂŝĚŽƵƚĂĨƵƚƵƌĞƌŽĂĚŵĂƉ
ĨŽƌ d ŵĞŶŝŶŐŝƟƐ ƌĞƐĞĂƌĐŚ ŽŶ ƚŚŝƐ ŵĂƩĞƌ͕  ŝŶĐůƵĚŝŶŐ ĐĞŶƚƌĂů ŶĞƌǀĞ ƐǇƐƚĞŵ
ƉĞŶĞƚƌĂƟŽŶŽĨŶĞǁĚƌƵŐƐ͕ŝŶƚƌĂůĞƐŝŽŶĂůďŝŽĚŝƐƚƌŝďƵƟŽŶͬŵŽĚĞůůŝŶŐƚŽŽƉƟŵŝǌĞ




;'ĂƟŇŽǆĂĐŝŶͿ͕ ĞĚĂƋƵŝůŝŶĞ ;dDϮϬϳͿ͕ ŶŝƚƌŽŝŵŝĚĂǌŽůĞƐ ;KWͲϲϳϲϴϯ ĂŶĚ WͲ
ϴϮϰͿ͕ ƉǇƌƌŽůĞƐ ;>>ͲϯϴϱϴͿ͕ ŽǆĂǌŽůŝĚŝŶŽŶĞƐ ;>ŝŶĞǌŽůŝĚ͕ WEhͲϭϬϬϰϴϬ ;^ƵƚĞǌŽůŝĚͿ͕
ϱϴϰϳͿ͕ĂŶĚĚŝĂŵŝŶĞƐ;^YͲϭϬϵͿ͘Ϯϭϲ͕Ϯϭϳ
Table 8.3. Anti-tuberculous drugs in TBM
Drug Daily dose DurĂƟon CSF penetrance200
>ĞǀŽŇŽǆĂĐŝŶϰ ϮϬŵŐͬŬŐ ϴǁĞĞŬƐ ϳϬͲϴϬй
DŽǆŝŇŽǆĂĐŝŶϭϭ hƉƚŽϮϬŵŐͬŬŐ ϮǁĞĞŬƐ ϳϬͲϴϬй
ŵŝŬĂĐŝŶϮϬϬ ϭϱŵŐͬŬŐ /ŶƚĞŶƐŝǀĞƉŚĂƐĞ ϭϬͲϮϬй
<ĂŶĂŵŝĐǇŶϮϭϴ hƉƚŽϯϬŵŐͬŬŐ ϯŵŽŶƚŚƐ ϭϬͲϮϬй
ĂƉƌĞŽŵǇĐŝŶϮϬϬ ϭϱŵŐͬŬŐ /ŶƚĞŶƐŝǀĞƉŚĂƐĞ EŽĚĂƚĂ
ƚŚŝŽŶĂŵŝĚĞϰϳ hƉƚŽϮϬŵŐͬŬŐ DĞĚŝĂŶϳĚĂǇƐ ϴϬͲϵϬй
ǇĐůŽƐĞƌŝŶĞϮϬϬ hƉƚŽϭϱŵŐͬŬŐ dŚƌŽƵŐŚŽƵƚƚƌĞĂƚͲŵĞŶƚ ϴϬͲϵϬй
>ŝŶĞǌŽůŝĚĞϮϭϵ hƉƚŽϭϮϬϬŵŐ hƉƚŽϳϬĚĂǇƐ ϯϬͲϳϬй
ĞĚĂƋƵŝůŝŶĞϭϲ EŽƚĚĞƚĞƌŵŝŶĞĚ >ŝŵŝƚĞĚĂǀĂŝůĂďŝůŝƚǇ WƌŽďĂďůǇǀĞƌǇůŽǁ
^YͲϭϬϵϴϭ ϯϬϬŵŐ ϭϮǁĞĞŬƐ
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KƉƟŵŝǌĂƟŽŶ ŽĨ ĚƌƵŐ ƌĞŐŝŵĞŶƐ ďǇ ŝŶĐƌĞĂƐŝŶŐ ƚŚĞ ĚŽƐĞ ŽĨ ƌŝĨĂŵƉŝĐŝŶ ƐĞĞŵƐ
Ă ƉƌŽŵŝƐŝŶŐ ĂƉƉƌŽĂĐŚ͘ dŚĞ ƐƵƌǀŝǀĂů ďĞŶĞĮƚ ŽĨ ŽŶĞŵŽŶƚŚ ŽĨ ϯϬŵŐͬŬŐ ŽƌĂů
ƌŝĨĂŵƉŝĐŝŶ ŝŶĐŽŵďŝŶĂƟŽŶǁŝƚŚŽƚŚĞƌƐƚĂŶĚĂƌĚĂŶƟͲƚƵďĞƌĐƵůŽƵƐĚƌƵŐƐŚĂƐƚŽ
ďĞǀĂůŝĚĂƚĞĚŝŶƚŚĞůĂƌŐĞƌƉŚĂƐĞϯĐůŝŶŝĐĂůƚƌŝĂů͘
ƌƵŐ ĐŽŶĐĞŶƚƌĂƟŽŶƐ ĂƌĞ ǀŝƚĂů ĚĞƚĞƌŵŝŶĂŶƚƐ ŽĨ ĐůŝŶŝĐĂů ƌĞƐƉŽŶƐĞ ƚŽ Ă ĚƌƵŐ͘
/ŶƚĞƌŝŶĚŝǀŝĚƵĂů ǀĂƌŝĂďŝůŝƚǇ ŽĨ ƉŚĂƌŵĂĐŽŬŝŶĞƟĐ ƉƌŽĮůĞƐ ŝŶŇƵĞŶĐĞƐ ĚƌƵŐ
ĐŽŶĐĞŶƚƌĂƟŽŶƐ͘ dŚĞ ďŝŽĂǀĂŝůĂďŝůŝƚǇ ŽĨ Ă ƉĂƌƟĐƵůĂƌ ĚƌƵŐŵĂǇ ǀĂƌǇǁŝƚŚŝŶ ƚŚĞ
ƐĂŵĞƉĞƌƐŽŶŽǀĞƌƟŵĞĂƐǁĞůůĂƐďĞƚǁĞĞŶĚŝīĞƌĞŶƚƉĂƟĞŶƚƐĂŶĚƉŽƉƵůĂƟŽŶƐ͘
dŚĞĞĂƐŝĞƐƚǁĂǇ ƚŽ ŝŶĐƌĞĂƐĞĚƌƵŐ ĐŽŶĐĞŶƚƌĂƟŽŶƐǁŝƚŚŝŶ ƚŚĞ ĐĞŶƚƌĂů ŶĞƌǀŽƵƐ
ƐǇƐƚĞŵ ;E^Ϳ ŝƐ ƚŽ ŝŶĐƌĞĂƐĞ ƚŚĞ ƐǇƐƚĞŵŝĐ ĚŽƐĞ͘ ,ŽǁĞǀĞƌ͕  ƚŚŝƐ ŝƐ ƐŽŵĞƟŵĞƐ
ŚĂŵƉĞƌĞĚ ďǇ ƐŝĚĞ ĞīĞĐƚƐ ƚŚĂƚŵĂǇ ŽĐĐƵƌ ĂŌĞƌ ĚŽƐĞ ŝŶĐƌĞŵĞŶƚ͕ ĂŶĚ ďǇ ƚŚĞ
ůŝŵŝƚĞĚĂďŝůŝƚǇŽĨƐŽŵĞĚƌƵŐƐƚŽĞŶƚĞƌďƌĂŝŶƟƐƐƵĞĂŶĚ^&͘ ^ŽŵĞŚŝŐŚůǇĂĐƟǀĞ
ĐŽŵƉŽƵŶĚƐ ǁŚŽƐĞ ƉĞƌŵĞĂďŝůŝƚǇ ŽĨ ƚŚĞ ďůŽŽĚͲďƌĂŝŶͲďĂƌƌŝĞƌ ŝƐ ůŽǁ ĐĂŶ ďĞ
ĂĚŵŝŶŝƐƚĞƌĞĚĚŝƌĞĐƚůǇ ŝŶƚŽƚŚĞǀĞŶƚƌŝĐƵůĂƌŽƌ ůƵŵďĂƌ^&͘ ϱϭ ^ŽŵĞƌĞƐĞĂƌĐŚĞƌƐ
ŚĂǀĞĐŽŶƐŝĚĞƌĞĚƚŚĞƉŽƐƐŝďŝůŝƚǇŽĨŐŝǀŝŶŐƚŚĞĂŶƟͲƚƵďĞƌĐƵůŽƐŝƐĚƌƵŐĚŝƌĞĐƚůǇƚŽ
ƚŚĞ ƐŝƚĞ ŽĨ ŝŶĨĞĐƟŽŶ͘ WƌĞǀŝŽƵƐ ĂƌƟĐůĞƐ ƌĞƉŽƌƚĞĚ Ă ďĞŶĞĮĐŝĂů ĞīĞĐƚ ŽĨ ƚŚƌŝĐĞͲ
ǁĞĞŬůǇ ŝŶƚƌĂƚŚĞĐĂů ĂĚŵŝŶŝƐƚƌĂƟŽŶ ŽĨ ϭϬϬ ŵŐͬĚĂǇ /E, Žƌ ĂůƚĞƌŶĂƚĞ ĚĂǇƐ ŽĨ
ŝŶƚƌĂƚŚĞĐĂů ůĞǀŽŇŽǆĂĐŝŶ ϴͲϭϬ ђŐͬů ĂŶĚ ĂŵŝŬĂĐŝŶ ϰϬ ђŐͬů ĞƐƉĞĐŝĂůůǇ ĨŽƌ dD
ƉĂƟĞŶƚǁŝƚŚƌĞƐŝƐƚĂŶĐǇ͘ϮϮϬ͕ϮϮϭ/ŶĂĚĚŝƟŽŶ͕ŶĂŶŽŵĞĚŝĐŝŶĞŵĂǇŽīĞƌĂŶĂůƚĞƌŶĂƟǀĞ
ƚŽ ŝŵƉƌŽǀĞdĚƌƵŐ ƚƌĞĂƚŵĞŶƚ͘dŚŝƐ ƚĞĐŚŶŽůŽŐǇĞŶĂďůĞƐĞīĞĐƟǀĞĚĞůŝǀĞƌǇŽĨ
ƚŚĞƌĂƉĞƵƟĐ ĐŽŵƉŽƵŶĚƐ ƚŽĚĞƐŝƌĞĚ ƚĂƌŐĞƚ ƐŝƚĞƐ ĂŶĚŵĂǇ ƌĞĚƵĐĞĚƌƵŐĚŽƐĞƐ͕
ĨƌĞƋƵĞŶĐǇ͕  ĂŶĚ ƐŚŽƌƚĞŶ ƚŚĞ ůĞŶŐƚŚ ŽĨ ƚƌĞĂƚŵĞŶƚ͘ϮϮϮ ,ŽǁĞǀĞƌ͕  ďŽƚŚ ĂďŽǀĞͲ
ŵĞŶƟŽŶĞĚƌĞĐŽŵŵĞŶĚĂƟŽŶŚĂǀĞŶŽƚďĞĞŶǀĂůŝĚĂƚĞĚŝŶĐůŝŶŝĐĂůƚƌŝĂůƐĂŶĚĂƌĞ
ŶŽƚŝŵƉůĞŵĞŶƚĂďůĞŝŶůŽǁͲƌĞƐŽƵƌĐĞƐĞƫŶŐƐ͘
Adjunctive host-directed therapy and supportive therapies
 ĚĞĞƉĞƌ ƵŶĚĞƌƐƚĂŶĚŝŶŐ ŽŶ ŚŽƐƚͲƉĂƚŚŽŐĞŶ ƌĞůĂƟŽŶƐŚŝƉ ĂŶĚ ďŝŽŵĂƌŬĞƌƐ
ƚŽ ƉƌĞĚŝĐƚ ŵŽƌƚĂůŝƚǇ ĂŶĚ ƉƌŽƚĞĐƟǀĞ ŝŵŵƵŶŝƚǇ ŵĂǇ ŚĞůƉ ƵƐ ĚĞǀĞůŽƉ ĨƵƚƵƌĞ
ŚŽƐƚͲĚŝƌĞĐƚĞĚ ƚƌĞĂƚŵĞŶƚ ĂƐ ǁĞůů ĂƐ ĐĂŶĚŝĚĂƚĞ ĨŽƌ ŵŽƌĞ ƉŽƚĞŶƚ d ǀĂĐĐŝŶĞ͘
ĚũƵŶĐƟǀĞ ŚŽƐƚͲĚŝƌĞĐƚĞĚ ƚŚĞƌĂƉǇ ŵĂŝŶůǇ ĨŽĐƵƐĞƐ ŽŶ ƚŚĞ ĞŶŚĂŶĐĞŵĞŶƚ ŽĨ
ƚŚĞ ƉƌŽƚĞĐƟǀĞ ŝŵŵƵŶŝƚǇ Žƌ ƌĞŐƵůĂƟŽŶ ŽĨ ƚŚĞ ŝŶƚƌĂĐĞƌĞďƌĂů ŝŶŇĂŵŵĂƟŽŶ
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ƚŽ ŝŵƉƌŽǀĞ dD ƐƵƌǀŝǀĂů͘ϲ͕ϮϬϬ ,ŽǁĞǀĞƌ͕  ĨƵƌƚŚĞƌ ŝŶǀĞƐƟŐĂƟŽŶ ŝƐ ŶĞĞĚĞĚ ƚŽ
ĞƐƚĂďůŝƐŚ ŝƚƐƵƐĞ ŝŶĚĂŝůǇƉƌĂĐƟĐĞĂƐǁĞůůĂƐĮŶĚŝŶŐĂŶŽƚŚĞƌŶŽǀĞůƚĂƌŐĞƚƐĨŽƌ
ŝŵŵƵŶŽƚŚĞƌĂƉŝĞƐ͘ /Ŷ ĂĚĚŝƟŽŶ͕ ƉƌĞǀĞŶƟŽŶ ƚŚƌŽƵŐŚ ǀĂĐĐŝŶĂƟŽŶ ŝƐ ĐƌŝƟĐĂů ĨŽƌ
ĐŽŶƚƌŽůůŝŶŐ ƚŚĞ ǁŽƌůĚǁŝĚĞ d ĞŶĚĞŵŝĐ͘ϮϮϰ dŚĞ ĞĸĐĂĐǇ ŽĨ ĂĐŝůůĞ ĂůŵĞƩĞͲ






^ƵƉƉŽƌƟǀĞ ƚƌĞĂƚŵĞŶƚ ĨŽĐƵƐĞƐ ŽŶ ĞĂƌůǇ ƌĞĐŽŐŶŝƟŽŶ ĂŶĚ ŵĂŶĂŐĞŵĞŶƚ ŽĨ
ĐŽŵƉůŝĐĂƟŽŶƐŽĨdDƚŽŝŵƉƌŽǀĞdDƐƵƌǀŝǀĂůĂŶĚĚĞĐƌĞĂƐĞĚŝƐĂďŝůŝƚǇ͘dŚŽƐĞ
ŵŝŐŚƚŝŶĐůƵĚĞĐŽŶƚƌŽůŽĨŚŝŐŚŝŶƚƌĂĐƌĂŶŝĂůƉƌĞƐƐƵƌĞĂƐƐŽĐŝĂƚĞĚƚŽŚǇĚƌŽĐĞƉŚĂůƵƐ͕




ĞĂƌůǇ ƉĂƐƐŝǀĞ ƉŚǇƐŝŽƚŚĞƌĂƉǇ͕  ŚŝŐŚͲƉƌŽƚĞŝŶ ŚŝŐŚͲĐĂůŽƌŝĞ ĚŝĞƚ͕ Žƌ ǁĂƚĞƌďĂůĂŶĐĞ








ƚƵďĞƌĐƵůŽŵĂƐ͕ ƚƵďĞƌĐƵůŽƵƐ ďƌĂŝŶ ĂďƐĐĞƐƐ͕ Žƌ ƌƵƉƚƵƌĞ ŝŶƚŽ ƚŚĞ ƐƵďĂƌĂĐŚŶŽŝĚ
ƐƉĂĐĞĂŶĚ ĐĂƵƐĞŵĞŶŝŶŐŝƟƐ͘ϱ dŚĞ ƐƉĞĐŝĮĐ ƐƟŵƵůƵƐ ĨŽƌ ƌƵƉƚƵƌĞŽƌ ŐƌŽǁƚŚŽĨ
ƚŚŝƐ ƚƵďĞƌĐůĞ ŝƐ ƐƟůů ŶŽƚ ĐŽŵƉůĞƚĞůǇ ƵŶĚĞƌƐƚŽŽĚ͕ ĂůƚŚŽƵŐŚ ƚŚĞŵĞĐŚĂŶŝƐŵ ŝƐ
ŬŶŽǁŶ ƚŽ ďĞ ŝŵŵƵŶŽůŽŐŝĐĂů ŝŶ ŶĂƚƵƌĞ͘ dŚĞ ƌĞůĂƟŽŶƐŚŝƉ ďĞƚǁĞĞŶ ďĂĐƚĞƌŝĂů
ĂŶĚ ŚŽƐƚ ŐĞŶŽƚǇƉĞ ŵĂǇ ďĞ ƌĞƐƉŽŶƐŝďůĞ ĨŽƌ ƚŚĞ ŐĞŶĞƐŝƐ ŽĨ ĞǆƚƌĂƉƵůŵŽŶĂƌǇ
ǀĞƌƐƵƐƉƵůŵŽŶĂƌǇĚŝƐĞĂƐĞ͘Ϯϯϭ ZĞĐĞŶƚůǇ͕ ǁĞŝĚĞŶƟĮĞĚŐĞŶĞƟĐǀĂƌŝĂƟŽŶŝŶƚŚƌĞĞ
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ƌŝĨĂŵƉŝĐŝŶ͕ ŝĚĞŶƟĮĞĚ ƉƌŽŐŶŽƐƟĐŵĂƌŬĞƌƐŵĂǇ ůĞĂĚ ƚŽ ŶĞǁ ƚĂƌŐĞƚƐ ĨŽƌ ŚŽƐƚͲ
ĚŝƌĞĐƚĞĚƚŚĞƌĂƉǇ͕ ĂŶĚĂĐŽŵƉƌĞŚĞŶƐŝǀĞĂƉƉƌŽĂĐŚŽĨƐƵƉƉŽƌƟǀĞĐĂƌĞŽĨdD
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180 ABBREVIATIONS 
ABBREVIATIONS 
ALT ůĂŶŝŶĞĂŵŝŶŽƚƌĂŶƐĨĞƌĂƐĞ LXA4 >ŝƉŽǆŝŶϰ









CNS ĞŶƚƌĂůEĞƌǀŽƵƐ^ǇƐƚĞŵ MRI DĂŐŶĞƟĐZĞƐŽŶĂŶĐĞ/ŵĂŐŝŶŐ
CSF ĞƌĞďƌŽƐƉŝŶĂů&ůƵŝĚ MRS DŽĚŝĮĞĚZĂŶŬŝŶ^ĐĂůĞ
CT ŽŵƉƵƚĞĚdŽŵŽŐƌĂƉŚǇ Mtb DǇĐŽďĂĐƚĞƌŝƵŵƚƵďĞƌĐƵůŽƐŝƐ
DOT ŝƌĞĐƚůǇKďƐĞƌǀĞĚdŚĞƌĂƉǇ PCR WŽůǇŵĞƌĂƐĞĐŚĂŝŶƌĞĂĐƟŽŶ






GCS 'ůĂƐŐŽǁŽŵĂ^ĐĂůĞ RCT ZĂŶĚŽŵŝǌĞĚĐŽŶƚƌŽůůĞĚƚƌŝĂů




HR ,ĂǌĂƌĚZĂƟŽ TB dƵďĞƌĐƵůŽƐŝƐ
i.v /ŶƚƌĂǀĞŶŽƵƐ TBM dƵďĞƌĐƵůŽƵƐŵĞŶŝŶŐŝƟƐ
IQR /ŶƚĞƌƋƵĂƌƟůĞƌĂŶŐĞ ULN hƉƉĞƌŶŽƌŵĂůůŝŵŝƚ
LTA4H >ĞƵŬŽƚƌŝĞŶĞͲϰŚǇĚƌŽůĂƐĞ ZN ŝĞŚůŶŝĞůƐĞŶ
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ĨŽƌ ƚŚĞ ƚƌĞĂƚŵĞŶƚŽĨ ƚƵďĞƌĐƵůŽƐŝƐ͗ ƌĞǀŝĞǁŽĨ ƚŚĞĚƌƵŐĚĞǀĞůŽƉŵĞŶƚ
ƉŝƉĞůŝŶĞĂŶĚ ŝŵƉůŝĐĂƟŽŶƐ ĨŽƌŶĂƟŽŶĂůƉƌŽŐƌĂŵŵĞƐ͘ƵƌƌKƉŝŶWƵůŵ
DĞĚϮϬϭϬ͖ϭϲ;ϯͿ͗ϭϴϲͲϵϯ͘
ϵ͘ :ĂǇĂƌĂŵZ͕'ĂŽŶŬĂƌ^ ͕<ĂƵƌW͕ ĞƚĂů͘WŚĂƌŵĂĐŽŬŝŶĞƟĐƐͲƉŚĂƌŵĂĐŽĚǇŶĂŵŝĐƐ
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ϭϭ͘ ZƵƐůĂŵŝ Z͕ 'ĂŶŝĞŵ Z͕ ŝĂŶ ^͕ Ğƚ Ăů͘ /ŶƚĞŶƐŝĮĞĚ ƌĞŐŝŵĞŶ ĐŽŶƚĂŝŶŝŶŐ
ƌŝĨĂŵƉŝĐŝŶĂŶĚŵŽǆŝŇŽǆĂĐŝŶ ĨŽƌ ƚƵďĞƌĐƵůŽƵƐŵĞŶŝŶŐŝƟƐ͗ ĂŶŽƉĞŶͲůĂďĞů͕
ƌĂŶĚŽŵŝƐĞĚĐŽŶƚƌŽůůĞĚƉŚĂƐĞϮƚƌŝĂů͘>ĂŶĐĞƚ/ŶĨĞĐƚŝƐϮϬϭϯ͖ϭϯ;ϭͿ͗ϮϳͲϯϱ͘
ϭϮ͘ ŽŶĂůĚ WZ͘ ĞƌĞďƌŽƐƉŝŶĂů ŇƵŝĚ ĐŽŶĐĞŶƚƌĂƟŽŶƐ ŽĨ ĂŶƟƚƵďĞƌĐƵůŽƐŝƐ
ĂŐĞŶƚƐŝŶĂĚƵůƚƐĂŶĚĐŚŝůĚƌĞŶ͘dƵďĞƌĐƵůŽƐŝƐ;ĚŝŶďͿϮϬϭϬ͖ϵϬ;ϱͿ͗ϮϳϵͲϵϮ͘








ϭϲ͘ dŽƌŽŬ D͘ dƵďĞƌĐƵůŽƵƐ ŵĞŶŝŶŐŝƟƐ͗ ĂĚǀĂŶĐĞƐ ŝŶ ĚŝĂŐŶŽƐŝƐ ĂŶĚ
ƚƌĞĂƚŵĞŶƚ͘ƌDĞĚƵůůϮϬϭϱ͖ϭϭϯ;ϭͿ͗ϭϭϳͲϯϭ͘
ϭϳ͘ dŚǁĂŝƚĞƐ'͕>ĂŶEd͕ ƵŶŐE,͕ĞƚĂů͘īĞĐƚŽĨĂŶƟƚƵďĞƌĐƵůŽƐŝƐĚƌƵŐ
ƌĞƐŝƐƚĂŶĐĞ ŽŶ ƌĞƐƉŽŶƐĞ ƚŽ ƚƌĞĂƚŵĞŶƚ ĂŶĚ ŽƵƚĐŽŵĞ ŝŶ ĂĚƵůƚƐ ǁŝƚŚ
ƚƵďĞƌĐƵůŽƵƐŵĞŶŝŶŐŝƟƐ͘:/ŶĨĞĐƚŝƐϮϬϬϱ͖ϭϵϮ;ϭͿ͗ϳϵͲϴϴ͘






ϮϬ͘ 'ƵŵďŽ d͕  >ŽƵŝĞ ͕ ĞǌŝĞů DZ͕ Ğƚ Ăů͘ ŽŶĐĞŶƚƌĂƟŽŶͲĚĞƉĞŶĚĞŶƚ
DǇĐŽďĂĐƚĞƌŝƵŵ ƚƵďĞƌĐƵůŽƐŝƐ ŬŝůůŝŶŐ ĂŶĚƉƌĞǀĞŶƟŽŶŽĨ ƌĞƐŝƐƚĂŶĐĞďǇ
ƌŝĨĂŵƉŝŶ͘ŶƟŵŝĐƌŽďŐĞŶƚƐŚĞŵŽƚŚĞƌϮϬϬϳ͖ϱϭ;ϭϭͿ͗ϯϳϴϭͲϴ͘
Ϯϭ͘ ZŽƐĞŶƚŚĂů/D͕dĂƐŶĞĞŶZ͕WĞůŽƋƵŝŶ͕ĞƚĂů͘ŽƐĞͲƌĂŶŐŝŶŐĐŽŵƉĂƌŝƐŽŶ




































ϯϮ͘ DŝƐƌĂ h<͕ <ĂůŝƚĂ :͕ ŚŽŝ ^<͕ ^ŝŶŐŚ Z<͘  ƐƚƵĚǇ ŽĨ ŚǇƉŽŶĂƚƌĞŵŝĂ ŝŶ
ƚƵďĞƌĐƵůŽƵƐŵĞŶŝŶŐŝƟƐ͘:EĞƵƌŽů^ĐŝϮϬϭϲ͖ϯϲϳ͗ϭϱϮͲϳ͘
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ƋƵĞƐƟŽŶƐ͕ ƐƟůů ƚŽŽ ĨĞǁ ĂŶƐǁĞƌƐ͘ >ĂŶĐĞƚ EĞƵƌŽů ϮϬϭϯ͖ ϭϮ;ϭϬͿ͗ ϵϵϵͲ
ϭϬϭϬ͘
ϯϱ͘ dŚǁĂŝƚĞƐ '͕ &ŝƐŚĞƌ D͕ ,ĞŵŝŶŐǁĂǇ ͕ ^ĐŽƩ '͕ ^ŽůŽŵŽŶ d͕  /ŶŶĞƐ :͘
ƌŝƟƐŚ /ŶĨĞĐƟŽŶ ^ŽĐŝĞƚǇ ŐƵŝĚĞůŝŶĞƐ ĨŽƌ ƚŚĞĚŝĂŐŶŽƐŝƐ ĂŶĚ ƚƌĞĂƚŵĞŶƚ
ŽĨƚƵďĞƌĐƵůŽƐŝƐŽĨƚŚĞĐĞŶƚƌĂůŶĞƌǀŽƵƐƐǇƐƚĞŵŝŶĂĚƵůƚƐĂŶĚĐŚŝůĚƌĞŶ͘:
/ŶĨĞĐƚϮϬϬϵ͖ϱϵ;ϯͿ͗ϭϲϳͲϴϳ͘
ϯϲ͘ DĞŚƚĂ:͕^ŚĂŶƚĂǀĞĞƌĂƉĂ,͕ǇƌĚZW͕ DŽƌƚŽŶ^͕&ŽƵŶƚĂŝŶ&͕ ZŽǇdD͘




ƌŝĨĂŵǇĐŝŶ ƌĞƐŝƐƚĂŶĐĞ ĂŶĚ ƚŚĞ ƉŚĂƌŵĂĐŽŬŝŶĞƟĐƐ ŽĨ ƌŝĨĂďƵƟŶ ĂŶĚ
ŝƐŽŶŝĂǌŝĚ ĂŵŽŶŐ ƉĂƟĞŶƚƐǁŝƚŚ ,/s ĂŶĚ ƚƵďĞƌĐƵůŽƐŝƐ͘ ůŝŶ /ŶĨĞĐƚ ŝƐ
ϮϬϬϱ͖ϰϬ;ϭϬͿ͗ϭϰϴϭͲϵϭ͘
ϯϴ͘ ŚŝĚĞǇĂ ^͕ tŝŶƐƚŽŶ ͕ WĞůŽƋƵŝŶ ͕ Ğƚ Ăů͘ /ƐŽŶŝĂǌŝĚ͕ ƌŝĨĂŵƉŝŶ͕
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ŽƵƚĐŽŵĞƐĂŵŽŶŐĂƉƌĞĚŽŵŝŶĂŶƚůǇ,/sͲŝŶĨĞĐƚĞĚĐŽŚŽƌƚŽĨĂĚƵůƚƐǁŝƚŚ
ƚƵďĞƌĐƵůŽƐŝƐĨƌŽŵŽƚƐǁĂŶĂ͘ůŝŶ/ŶĨĞĐƚŝƐϮϬϬϵ͖ϰϴ;ϭϮͿ͗ϭϲϴϱͲϵϰ͘
ϯϵ͘ ^ƌŝǀĂƐƚĂǀĂ ^͕ WĂƐŝƉĂŶŽĚǇĂ :'͕DĞĞŬ͕ >ĞīZ͕'ƵŵďŽ d͘ DƵůƟĚƌƵŐͲ
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ϮϬ3͘ >ŝƵ >͕tĂŶŐzy͕ ŚŽƵ :͕ Ğƚ Ăů͘ ZĂƉŝĚŶŽŶͲŐĞŶŽŵŝĐ ŝŶŚŝďŝƚŽƌǇ ĞīĞĐƚƐ
ŽĨŐůƵĐŽĐŽƌƟĐŽŝĚƐŽŶŚƵŵĂŶŶĞƵƚƌŽƉŚŝůĚĞŐƌĂŶƵůĂƟŽŶ͘ /ŶŇĂŵŵZĞƐ
ϮϬϬϱ͖ϱϰ;ϭͿ͗ϯϳͲϰϭ͘





'ĞŶŽƚǇƉĞ ĂŶĚ ,/s /ŶĨĞĐƟŽŶ /ŶŇƵĞŶĐĞ /ŶƚƌĂĐĞƌĞďƌĂů /ŶŇĂŵŵĂƟŽŶ
ĂŶĚ^ƵƌǀŝǀĂů&ƌŽŵdƵďĞƌĐƵůŽƵƐDĞŶŝŶŐŝƟƐ͘:/ŶĨĞĐƚŝƐϮϬϭϳ͖Ϯϭϱ;ϳͿ͗
ϭϬϮϬͲϴ͘






ĨŽƌ ĂĚǀĂŶĐŝŶŐ ďĂƐŝĐ ĂŶĚ ƚƌĂŶƐůĂƟŽŶĂů ƌĞƐĞĂƌĐŚ͘EĂƚ /ŵŵƵŶŽů ϮϬϭϴ͖
ϭϵ;ϲͿ͗ϱϮϭͲϱ͘





Ϯϭ1͘ >ŝĂŵŝƐ '͕ DŝůŝŽŶŝƐ ,͕ :͕͘ ůŝƐĂĨ D͘ ,ǇƉŽŶĂƚƌĞŵŝĂ ŝŶ ƉĂƟĞŶƚƐ ǁŝƚŚ
ŝŶĨĞĐƟŽƵƐĚŝƐĞĂƐĞƐ͘:ŽƵƌŶĂůŽĨ/ŶĨĞĐƟŽŶϮϬϭϭ͖ϲϯ͗ϯϮϳͲϯϱ͘
Ϯϭ2͘ ,ŽŽƌŶ :͕ ŝĞƚƐĞ Z͘ ,ǇƉŽŶĂƚƌĞŵŝĂ ĂŶĚ ŵŽƌƚĂůŝƚǇ͗ ŵŽǀŝŶŐ ďĞǇŽŶĚ
ĂƐƐŽĐŝĂƟŽŶƐ͘ŵ:<ŝĚŶĞǇŝƐϮϬϭϯ͖ϲϮ;ϭͿ͗ϭϯϵͲϰϵ͘
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Ϯϭ5͘ ĞDĂƌĐŽ sW͕  KƌĚŽŶĞǌ ͕ <ůƵŶŬ D͕ Ğƚ Ăů͘ ĞƚĞƌŵŝŶĂƟŽŶ ŽĨ ΀ϭϭ΁
ƌŝĨĂŵƉŝŶ ƉŚĂƌŵĂĐŽŬŝŶĞƟĐƐ ǁŝƚŚŝŶ DǇĐŽďĂĐƚĞƌŝƵŵ ƚƵďĞƌĐƵůŽƐŝƐͲ












ƚŚĞƌĂƉĞƵƟĐ ĞīĞĐƚ ĨŽƌ ƉĂƟĞŶƚƐ ǁŝƚŚ ůŝĨĞͲƚŚƌĞĂƚĞŶŝŶŐ ƚƵďĞƌĐƵůŽƵƐ
ŵĞŶŝŶŐŝƟƐ͘ŶƟŵŝĐƌŽďŐĞŶƚƐŚĞŵŽƚŚĞƌϮϬϭϰ͖ϱϴ;ϭϬͿ͗ϲϮϵϳͲϯϬϭ͘
ϮϮ1͘ ĞƌŶŝŶŐ ^͕ ŚĞƌƌǇ d͕ /ƐĞŵĂŶD͘ EŽǀĞů ƚƌĞĂƚŵĞŶƚ ŽĨ ŵĞŶŝŶŐŝƟƐ
ĐĂƵƐĞĚ ďǇ ŵƵůƟĚƌƵŐͲƌĞƐŝƐƚĂŶƚ DǇĐŽďĂĐƚĞƌŝƵŵ ƚƵďĞƌĐƵůŽƐŝƐ ǁŝƚŚ
ŝŶƚƌĂƚŚĞĐĂů ůĞǀŽŇŽǆĂĐŝŶ ĂŶĚ ĂŵŝŬĂĐŝŶ͗ ĐĂƐĞ ƌĞƉŽƌƚ͘ ůŝŶ /ŶĨĞĐƚ ŝƐ
ϮϬϬϭ͖ϯϮ;ϰͿ͗ϲϰϯͲϲ͘
ϮϮ2͘ EĂŬĂƚĂŶŝz͕ ^ƵƚŽz͕ &ƵŬƵŵĂ<͕ĞƚĂů͘/ŶƚƌĂƚŚĞĐĂů/ƐŽŶŝĂǌŝĚĨŽƌZĞĨƌĂĐƚŽƌǇ
dƵďĞƌĐƵůŽƵƐDĞŶŝŶŐŝƟƐ ǁŝƚŚ ĞƌĞďƌĂů /ŶĨĂƌĐƟŽŶ͘ /ŶƚĞƌŶDĞĚ ϮϬϭϳ͖
ϱϲ;ϴͿ͗ϵϱϯͲϳ͘
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ϮϮ6͘ dŚŝůŽƚŚĂŵŵĂůE͕ <ƌŝƐŚŶĂŵƵƌƚŚǇ Ws͕ ZƵŶǇĂŶ<͕ ĂŶƵ <͘ŽĞƐ '
ǀĂĐĐŝŶĞƉƌĞǀĞŶƚƚƵďĞƌĐƵůŽƵƐŵĞŶŝŶŐŝƟƐ͍ƌĐŚŝƐŚŝůĚϭϵϵϲ͖ϳϰ;ϮͿ͗
ϭϰϰͲϳ͘
ϮϮ7͘ dƌƵŶǌ ͕ &ŝŶĞ W͕  ǇĞ ͘ īĞĐƚ ŽĨ ' ǀĂĐĐŝŶĂƟŽŶ ŽŶ ĐŚŝůĚŚŽŽĚ
ƚƵďĞƌĐƵůŽƵƐ ŵĞŶŝŶŐŝƟƐ ĂŶĚ ŵŝůŝĂƌǇ ƚƵďĞƌĐƵůŽƐŝƐ ǁŽƌůĚǁŝĚĞ͗ Ă





Ϯ29͘ dƌŝĐĐĂƐ :͕ ŽƵŶŽƵƉĂƐ ͘ EŽǀĞů ǀĂĐĐŝŶĂƟŽŶ ĂƉƉƌŽĂĐŚĞƐ ƚŽ ƉƌĞǀĞŶƚ
ƚƵďĞƌĐƵůŽƐŝƐŝŶĐŚŝůĚƌĞŶ͘WŶĞƵŵŽŶŝĂ;EĂƚŚĂŶͿϮϬϭϲ͖ϴ͗ϭϴ͘
Ϯϯ0͘ ŚĂƩ<͕sĞƌŵĂ^ ͕ůůŶĞƌ::͕^ ĂůŐĂŵĞW͘ YƵĞƐƚĨŽƌĐŽƌƌĞůĂƚĞƐŽĨƉƌŽƚĞĐƟŽŶ
ĂŐĂŝŶƐƚƚƵďĞƌĐƵůŽƐŝƐ͘ůŝŶsĂĐĐŝŶĞ/ŵŵƵŶŽůϮϬϭϱ͖ϮϮ;ϯͿ͗ϮϱϴͲϲϲ͘
Ϯϯ1͘ &ŝŐĂũŝ ͕ &ŝĞŐŐĞŶ '͘ ŶĚŽƐĐŽƉŝĐ ĐŚĂůůĞŶŐĞƐ ĂŶĚ ĂƉƉůŝĐĂƟŽŶƐ ŝŶ
ƚƵďĞƌĐƵůŽƵƐŵĞŶŝŶŐŝƟƐ͘tŽƌůĚEĞƵƌŽƐƵƌŐϮϬϭϯ͖ϳϵ;Ϯ^ ƵƉƉůͿ͗^ Ϯϰ͘ĞϵͲϭϰ͘
Ϯϯ2͘ ĂǁƐ D͕ dŚǁĂŝƚĞƐ '͕ ƵŶƐƚĂŶ ^͕ Ğƚ Ăů͘ dŚĞ ŝŶŇƵĞŶĐĞ ŽĨ ŚŽƐƚ ĂŶĚ
ďĂĐƚĞƌŝĂůŐĞŶŽƚǇƉĞŽŶƚŚĞĚĞǀĞůŽƉŵĞŶƚŽĨĚŝƐƐĞŵŝŶĂƚĞĚĚŝƐĞĂƐĞǁŝƚŚ
DǇĐŽďĂĐƚĞƌŝƵŵƚƵďĞƌĐƵůŽƐŝƐ͘W>Ž^WĂƚŚŽŐϮϬϬϴ͖ϰ;ϯͿ͗ĞϭϬϬϬϬϯϰ͘
Ϯϯ3͘ ZƵĞƐĞŶ ͕ ŚĂŝĚŝƌ >͕ ǀĂŶ >ĂĂƌŚŽǀĞŶ ͕ Ğƚ Ăů͘ >ĂƌŐĞͲƐĐĂůĞ ŐĞŶŽŵŝĐ
ĂŶĂůǇƐŝƐ ƐŚŽǁƐ ĂƐƐŽĐŝĂƟŽŶ ďĞƚǁĞĞŶ ŚŽŵŽƉůĂƐƟĐ ŐĞŶĞƟĐ ǀĂƌŝĂƟŽŶ
ŝŶDǇĐŽďĂĐƚĞƌŝƵŵ ƚƵďĞƌĐƵůŽƐŝƐ ŐĞŶĞƐ ĂŶĚŵĞŶŝŶŐĞĂů ŽƌƉƵůŵŽŶĂƌǇ
ƚƵďĞƌĐƵůŽƐŝƐ͘D'ĞŶŽŵŝĐƐϮϬϭϴ͖ϭϵ;ϭͿ͗ϭϮϮ͘
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dD ĚĞŶŐĂŶ ĨŽŬƵƐ ƉĂĚĂ ƉĞŶŐŐƵŶĂĂŶ ƌŝĨĂŵƉŝƐŝŶ ĚŽƐŝƐ ƟŶŐŐŝ͘ ĂŐŝĂŶ ŬĞĚƵĂ
(BAB 5-7) ŵĞŵďĂŚĂƐƵƉĂǇĂĞŬƐƉůŽƌĂƐŝďĞďĞƌĂƉĂƉĞŶĂŶĚĂŬĞŵĂƟĂŶƉĂĚĂdD͕
ǇĂŶŐ ĚŝŚĂƌĂƉŬĂŶ ĚĂƉĂƚ ŵĞŵďĂŶƚƵ ŵĞŶŐŝĚĞŶƟĮŬĂƐŝ ƚĂƌŐĞƚ ƉŽƚĞŶƐŝĂů ƵŶƚƵŬ


































 ĞůƵŵŵĞŶĐĂƉĂŝ ƉĂƉĂƌĂŶŽďĂƚ ǇĂŶŐ
Ěŝ ŝŶŐŝŶŬĂŶ (Bab 2)
 WĂƉĂƌĂŶŽďĂƚ ǇĂŶŐ ƐĞďĂŶĚŝŶŐ ŶĂŵƵŶ
ŵĞŵŝůŝŬŝ ŬŽŶƐĞŶƚƌĂƐŝŵĂŬƐŝŵĂůǇĂŶŐůĞďŝŚ
ƚŝŶŐŐŝ ĚŝďĂŶĚŝŶŐŬĂŶ ƌŝ ĨĂŵƉŝƐŝŶŽƌĂů
ƐĂŵƉĂŝ ϮϬŵŐͬŬŐ(Bab 3)

















Gambar 1. Skema konseptual dan hasil penelitian terkait terapi dan luaran pasien TBM
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WĞŶĞůŝƟĂŶ ƚĞƌĚĂŚƵůƵ ŵĞŶƵŶũƵŬŬĂŶ ďĂŚǁĂ ĚŝůŝŚĂƚ ĚĂƌŝ ŬƵƌǀĂ ĚŽƐŝƐͲƌĞƐƉŽŶ
ƌŝĨĂŵƉŝƐŝŶ͕ ĚŽƐŝƐ ƐƚĂŶĚĂƌ ϭϬŵŐͬŬŐŵƵŶŐŬŝŶ ƟĚĂŬŵĞŵĂĚĂŝ͘ ^ĞƌĂŶŐŬĂŝĂŶ
ƐƚƵĚŝƉĂĚĂŬĞůŽŵƉŽŬƉĂƐŝĞŶĚĞŶŐĂŶdƉĂƌƵŵĞŶƵŶũƵŬŬĂŶďĂŚǁĂƉĞŶŐŐƵŶĂĂŶ





ĚŽƐŝƐ ƌŝĨĂŵƉŝƐŝŶ ĚŝŚĂƌĂƉŬĂŶ ĚĂƉĂƚ ŵĞŵƉĞƌďĂŝŬŝ ƉĂƉĂƌĂŶ ŽďĂƚ Ěŝ ĂƌĞĂ ǇĂŶŐ
ŵĞŶŐĂůĂŵŝ ŝŶĨĞŬƐŝƉĂĚĂƉĂƐŝĞŶdD͘^ĞůĂŵĂƚƵũƵŚƚĂŚƵŶƚĞƌĂŬŚŝƌ͕ ŐƌƵƉƌŝƐĞƚ




ĚĂƌŝ ƉĞƌ ŽƌĂů ŵĞŶũĂĚŝ ŝŶƚƌĂǀĞŶĂ͘ WĂĚĂ ƐƚƵĚŝ ŝŶŝ ĚŝĚĂƉĂƚŬĂŶ ƉĂƉĂƌĂŶ ŽďĂƚ
ǇĂŶŐůĞďŝŚďĂŝŬĚŝĚĂůĂŵĚĂƌĂŚŵĂƵƉƵŶĐĂŝƌĂŶƐĞƌĞďƌŽƐƉŝŶĂůĚĂŶƉĞŶƵƌƵŶĂŶ
ĂŶŐŬĂ ŬĞŵĂƟĂŶ ĚĂůĂŵ ĞŶĂŵ ďƵůĂŶ ƐĞƚĞůĂŚ ĚŝƚĞŐĂŬŬĂŶ ĚŝĂŐŶŽƐŝƐ ;ĂĚũƵƐƚĞĚ
,ZϬ͘ϰϮ͕ϵϱй/Ϭ͘ϮϬͲϭ͘ϵϭ͕ƉсϬ͘ϬϯͿ͘ Bab 2 ŵĞŵĂƉĂƌŬĂŶŚĂƐŝůƐƵďĂŶĂůŝƐŝƐĚĂƚĂ
ǇĂŶŐ ĚŝĚĂƉĂƚŬĂŶ ĚĂƌŝ ƉĞŶĞůŝƟĂŶ ƉĞƌƚĂŵĂ ƚĞƌƐĞďƵƚ͘ <ĂŵŝŵĞůĂŬƵŬĂŶ ĞǀĂůƵƐŝ





ŵĞůĂŬƵŬĂŶ Ƶũŝ ďĞĚĂ ƚĞƌŚĂĚĂƉ ŬŽŶƐĞŶƚƌĂƐŝ ŽďĂƚ Ěŝ ĚĂůĂŵ ƉůĂƐŵĂ ĚĂŶ ĐĂŝƌĂŶ
ƐĞƌĞďƌŽƐƉŝŶĂů ĂŶƚĂƌĂ ŬĞůŽŵƉŽŬƉĂƐŝĞŶ ǇĂŶŐŚŝĚƵƉĚĂŶ ǇĂŶŐŵĂƟ͕ ĚĂŶƉĂĚĂ
ŬĞůŽŵƉŽŬǇĂŶŐŵĞŶŐĂůĂŵŝƉĞƌďĂŝŬĂŶŬĞƐĂĚĂƌĂŶĚĂŶǇĂŶŐƚĞƚĂƉƉĂĚĂŬŽŶĚŝƐŝ
ƟĚĂŬƐĂĚĂƌƉĂĚĂďƵůĂŶŬĞĞŶĂŵƐĞƚĞůĂŚƉĞŵďĞƌŝĂŶĂŶƟͲd͘<ĂŵŝŵĞŶĞŵƵŬĂŶ
ĂĚĂŶǇĂ ŚƵďƵŶŐĂŶ ǇĂŶŐ ƐĂŶŐĂƚ ŬƵĂƚ ĂŶƚĂƌĂ ŬŽŶƐĞŶƚƌĂƐŝ ŽďĂƚ ĚĞŶŐĂŶ ƌĞƐƉŽŶ
ƚĞƌĂƉŝƉĂĚĂƉĂƐŝĞŶdD͘^ĞŵĂŬŝŶƟŶŐŐŝŬŽŶƐĞŶƚƌĂƐŝŽďĂƚŵĂŬĂŬĞŵƵŶŐŬŝŶĂŶ
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ƵŶƚƵŬ ŵĞŶĐĂƌŝ ĚŽƐŝƐ ƌŝĨĂŵƉŝƐŝŶ ƉĞƌ ŽƌĂů ǇĂŶŐ ŵĞŵŝůŝŬŝ ƉĂƉĂƌĂŶ ĚĂŶ ĞĮŬĂƐŝ
ǇĂŶŐƐĂŵĂĚĞŶŐĂŶƌŝĨĂŵƉŝƐŝŶŝŶƚƌĂǀĞŶĂǇĂŶŐƚĞůĂŚŬĂŵŝƵũŝŬĂŶƚĞƌĚĂŚƵůƵ͘WĂĚĂ
Bab 3 ŬĂŵŝ ŵĞůĂŬƵŬĂŶ Ƶũŝ ĨĂƌŵĂŬŽůŽŐŝƐ ĚĂŶ ŵĞŶŐĞǀĂůƵĂƐŝ ŬĞĂŵĂŶĂŶ ƐĞƌƚĂ





<ĞĚƵĂĚŽƐŝƐ ƌŝĨĂŵƉŝƐŝŶ ŽƌĂů ƚĞƌƐĞďƵƚŵĞŵŝůŝŬŝ ƉĂƉĂƌĂŶŽďĂƚ ǇĂŶŐ ƐĞďĂŶĚŝŶŐ
ĚĞŶŐĂŶ ƌŝĨĂŵƉŝƐŝŶ ŝŶƚƌĂǀĞŶĂ ďĂŝŬ Ěŝ ĚĂůĂŵ ĚĂƌĂŚ ŵĂƵƉƵŶ Ěŝ ĚĂůĂŵ ĐĂŝƌĂŶ
ƐĞƌĞďƌŽƐƉŝŶĂů͕ŶĂŵƵŶƌĞƌĂƚĂŬŽŶƐĞŶƚƌĂƐŝŵĂŬƐŝŵĂůŽďĂƚŵĂƐŝŚ ůĞďŝŚ ƌĞŶĚĂŚ͘
KďĂƚ ĚŽƐŝƐ ƟŶŐŐŝ ŝŶŝ ĂŵĂŶ ĚĂŶ ĚĂƉĂƚ ĚŝƚŽůĞƌĂŶƐŝ ĚĞŶŐĂŶ ďĂŝŬ ŽůĞŚ ƉĂƐŝĞŶ
ƐĞůĂŵĂϭϰŚĂƌŝƉĞŵďĞƌŝĂŶ͘
,ĂƐŝů ĚĂƌŝ ƉĞŶĞůŝƟĂŶ ŬĞĚƵĂ ŵĞŶŐŝŶĚŝŬĂƐŝŬĂŶ ďĂŚǁĂ ĚŽƐŝƐ ƌŝĨĂŵƉŝƐŝŶ ŚŝŶŐŐĂ
ϮϬŵŐͬŬŐ ŵĂƐŝŚ ŵĞŶŐŚĂƐŝůŬĂŶ ŬŽŶƐĞŶƚƌĂƐŝ ŵĂŬƐŝŵĂů Ěŝ ĚĂůĂŵ ƉůĂƐŵĂ ĚĂŶ
ĐĂŝƌĂŶƐĞƌĞďƌŽƐƉŝŶĂůǇĂŶŐůĞďŝŚƌĞŶĚĂŚĚŝďĂŶĚŝŶŐŬĂŶĚĞŶŐĂŶĚŽƐŝƐƌŝĨĂŵƉŝƐŝŶ
ŝŶƚƌĂǀĞŶĂϲϬϬŵŐ͘ƚĂƐ ĚĂƐĂƌ ŚĂƐŝů ƚĞƌƐĞďƵƚ͕ ŬĂŵŝŵĞůĂŬƵŬĂŶ ƐƚƵĚŝ ůĂŶũƵƚĂŶ
ǇĂŶŐďĞƌŵĂŬƐƵĚŵĞŶŐĞǀĂůƵĂƐŝƉƌŽĮůĨĂƌŵĂŬŽŬŝŶĞƟŬ͕ŬĞĂŵĂŶĂŶ͕ƚŽůĞƌĂďŝůŝƚĂƐ͕
ĚĂŶ ŬĞŵƵŶŐŬŝŶĂŶ ĞĮŬĂƐŝ ƌŝĨĂŵƉŝƐŝŶ ŽƌĂů ŚŝŶŐŐĂ ĚŽƐŝƐ ϯϬŵŐͬŬŐ͕ ǇĂŶŐ ŬĂŵŝ
ƉĂƉĂƌŬĂŶƉĂĚĂ BAB 4. ŽƐŝƐƌŝĨĂŵƉŝƐŝŶŽƌĂůĚƵĂŬĂůŝƐƚĂŶĚĂƌ;ϵϬϬŵŐͿĚĂŶƟŐĂ
ŬĂůŝƐƚĂŶĚĂƌ;ϭϯϱϬŵŐͿŵĞŶŐŚĂƐŝůŬĂŶƉĂƉĂƌĂŶŽďĂƚǇĂŶŐůĞďŝŚƟŶŐŐŝƐĞďĂŶǇĂŬ
ƟŐĂŬĂůŝůŝƉĂƚĚĂŶůŝŵĂŬĂůŝůŝƉĂƚĚŝďĂŶĚŝŶŐŬĂŶĚŽƐŝƐƐƚĂŶĚĂƌϰϱϬŵŐ͘WĂĚĂƐƚƵĚŝ
ŝŶŝ ĚŝĚĂƉĂƚŬĂŶ ĂĚĂŶǇĂ ǀĂƌŝĂďŝůŝƚĂƐ ŝŶƚĞƌͲŝŶĚŝǀŝĚƵĂů ǇĂŶŐ ƐĂŶŐĂƚ ůĞďĂƌ ƐĞƉĞƌƟ
ŚĂůŶǇĂ ƉĂĚĂ ĚƵĂ ƐƚƵĚŝ ƐĞďĞůƵŵŶǇĂ͕ ŶĂŵƵŶ ĚŽƐŝƐ ŝŶŝ ƚĞƚĂƉ ĂŵĂŶ ĚĂŶ ĚĂƉĂƚ






ĨĂŬƚŽƌ ǇĂŶŐ ĚĂƉĂƚ ŵĞŶĞŶƚƵŬĂŶ ƉƌŽŐŶŽƐŝƐ ƉĂƐŝĞŶ dD͕ ƚĞƌŵĂƐƵŬ ŐĂŵďĂƌĂŶ
ŬůŝŶŝƐ ĚĂŶ ƌĂĚŝŽůŽŐŝƐ ƉĂƐŝĞŶ͘ WĂĚĂ Bab 5  ŬĂŵŝ ŵĞůĂŬƵŬĂŶ ĞǀĂůƵĂƐŝ ƉĂĚĂ
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ŬĞůŽŵƉŽŬƉĂƐŝĞŶĚĞŶŐĂŶĚŝĂŐŶŽƐŝƐdDǇĂŶŐƚĞƌŬŽŶĮƌŵĂƐŝƐĞĐĂƌĂďĂŬƚĞƌŝŽůŽŐŝ
ĂƚĂƵ ŵĞŵŝůŝŬŝ ũƵŵůĂŚ ƐĞů хϱ Ěŝ ĚĂůĂŵ ĐĂŝƌĂŶ ƐĞƌĞďƌŽƐƉŝŶĂů ĚĂŶ ŬĂĚĂƌ ƌĂƐŝŽ
ŐůƵŬŽƐĂĐĂŝƌĂŶƐĞƌĞďƌŽƐƉŝŶĂůĚĂŶĚĂƌĂŚфϬ͘ϱ͘<ĂŵŝŵĞůĂŬƵŬĂŶ ĨŽůůŽǁͲƵƉ ƉĂĚĂ
ƉĂƐŝĞŶ ƚĞƌƐĞďƵƚ ŚŝŶŐŐĂ ƐĂƚƵ ƚĂŚƵŶ͕ ĚĂŶ ĚŝĚĂƉĂƚŬĂŶ ĂŶŐŬĂ ŬĞŵĂƟĂŶ ƉĂĚĂ
ŬĞůŽŵƉŽŬ ŝŶŝ ƐĞďĞƐĂƌ ϰϯ͘ϳй͘ dĞƌĚĂƉĂƚ ďĞďĞƌĂƉĂ ƉƌĞĚŝŬƚŽƌ ŬĞŵĂƟĂŶ ǇĂŶŐ





ƟŶŐŐŝ͘ Bab 6 ŵĞŵĂƉĂƌŬĂŶ ƉĞƌĂŶDZ/ ƵŶƚƵŬŵĞŶŐŐĂŵďĂƌŬĂŶ ŬĞůĂŝŶĂŶŽƚĂŬ
ǇĂŶŐƚĞƌũĂĚŝƉĂĚĂƉĂƐŝĞŶdD͘<ĂŵŝŵĞůĂŬƵŬĂŶĞǀĂůƵĂƐŝƚĞƌŚĂĚĂƉϰϴDZ/ŽƚĂŬ
ƉĂƐŝĞŶǇĂŶŐĚŝůĂŬƵŬĂŶƉĂĚĂƐĂĂƚĚŝĂŐŶŽƐŝƐĂǁĂůĚŝůĂŬƵŬĂŶ͕ĚĂŶŵĞŶĚĂƉĂƚŬĂŶ
ϴϵй ƉĂƐŝĞŶ ŵĞŵŝůŝŬŝ ŐĂŵďĂƌĂŶ ŵĞŶŝŶŐĞĂů ĞŶŚĂŶĐĞŵĞŶƚ͕ ϳϳй ŵĞŵŝůŝŬŝ
ƚƵďĞƌŬƵůŽŵĂ ƚĞƌƵƚĂŵĂ ƟƉĞ ŵŝůŝĞƌ͕  ϲϬй ŵĞŵŝůŝŬŝ ŐĂŵďĂƌĂŶ ŝŶĨĂƌŬ ƐĞƌĞďƌĂů͕
ĚĂŶϱϲйŵĞŵŝůŝŬŝŐĂŵďĂƌĂŶŚŝĚƌŽƐĞĨĂůƵƐƚĞƌƵƚĂŵĂƟƉĞŬŽŵƵŶŝŬĂŶƐ͘<ĞũĂĚŝĂŶ
ƚƵďĞƌŬƵůŽŵĂďĞƌŚƵďƵŶŐĂŶĚĞŶŐĂŶĂĚĂŶǇĂĚĞĮƐŝƚŵŽƚŽƌƐĞĚĂŶŐŬĂŶŵĞŶŝŶŐĞĂů








ƉĞƌďƵƌƵŬĂŶ ŐĂŵďĂƌĂŶ ƌĂĚŝŽůŽŐŝƐ ;ƉĂƌĂĚŽŬƐŝŬĂů ƌĞƐƉŽŶͿ ƟĚĂŬ ďĞƌŚƵďƵŶŐĂŶ
ĚĞŶŐĂŶĂŶŐŬĂŬĞŵĂƟĂŶĚĂůĂŵϲďƵůĂŶƐĞƚĞůĂŚƉĞŵďĞƌŝĂŶĂŶƟͲdƉĂĚĂƉĂƐŝĞŶͲ
ƉĂƐŝĞŶƚĞƌƐĞďƵƚ͘
WĂĚĂ ƐƚƵĚŝ ǇĂŶŐ ƚĞƌĂŬŚŝƌ Ěŝ ĚĂůĂŵ Bab 7 ŬĂŵŝ ŵĞůĂŬƵŬĂŶ ĞǀĂůƵĂƐŝ ƐĞĐĂƌĂ
ŵĞŶĚĂůĂŵ ƚĞŶƚĂŶŐ ƉĞƌĂŶ ŚŝƉŽŶĂƚƌĞŵŝĂ ƉĂĚĂ ƉĂƐŝĞŶ dD͘ <ĂŵŝŵĞůĂŬƵŬĂŶ
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Ğ ŚŽŽĨĚǀƌĂĂŐ ǀĂŶ Ěŝƚ ƉƌŽĞĨƐĐŚƌŝŌ ŝƐ ŚŽĞ ĚĞ ŬůŝŶŝƐĐŚĞ ǌŽƌŐ ǀŽŽƌ ƉĂƟģŶƚĞŶ
ŵĞƚ ƚƵďĞƌĐƵůĞƵǌĞŵĞŶŝŶŐŝƟƐ ;dDͿ ƚĞŽƉƟŵĂůŝƐĞƌĞŶ͘ƌ ǌŝũŶĚƌŝĞďĞůĂŶŐƌŝũŬĞ
ďĞŶĂĚĞƌŝŶŐĞŶǀŽŽƌŚĞƚǀĞƌďĞƚĞƌĞŶǀĂŶĚĞďĞŚĂŶĚĞůŝŶŐǀĂŶdD͗ĞīĞĐƟĞǀĞƌĞ
ĂŶƟŵŝĐƌŽďŝģůĞ ƚŚĞƌĂƉŝĞ͕ ƚŚĞƌĂƉŝĞ ŐĞƌŝĐŚƚ ŽƉ ďĞŢŶǀůŽĞĚĞŶ ǀĂŶ ĨƵŶĐƟĞƐ
;ĚĞ ĂĨǁĞĞƌͿ ǀĂŶ ĚĞ ƉĂƟģŶƚ ;ǌŽŐĞŚĞƚĞŶ ͚ŚŽƐƚͲĚŝƌĞĐƚĞĚ ƚŚĞƌĂƉǇ͛Ϳ ĞŶ ďĞƚĞƌĞ
ŽŶĚĞƌƐƚĞƵŶĞŶĚĞƚŚĞƌĂƉŝĞǀĂŶĚĞǌĞĞƌŶƐƟŐǌŝĞŬĞƉĂƟģŶƚĞŶ͘/ŶŚĞƚŬĂĚĞƌǀĂŶĞĞŶ
ďĞƚĞƌĞĂŶƟŵŝĐƌŽďŝģůĞƚŚĞƌĂƉŝĞ;ŵĞƚĂŶƟďŝŽƟĐĂĚŝĞƚƵďĞƌĐƵůŽƐƚĂƟĐĂŐĞŶŽĞŵĚ
ǁŽƌĚĞŶͿ ďĞǀĂƚ Ěŝƚ ƉƌŽĞĨƐĐŚƌŝŌ ĞĞŶ ƌĞĞŬƐ ƐƚƵĚŝĞƐ ŐĞƌŝĐŚƚ ŽƉ ŚĞƚ ǀŝŶĚĞŶ ǀĂŶ
ĚĞŽƉƟŵĂůĞĚŽƐĞƌŝŶŐ ǀĂŶŚĞƚ ƚƵďĞƌĐƵůŽƐƚĂƟĐƵŵ ƌŝĨĂŵƉŝĐŝŶĞ͘ůƐ ĞĞŶĞĞƌƐƚĞ
ƐƚĂƉ ƌŝĐŚƟŶŐ ďĞƚĞƌĞ ͚ŚŽƐƚͲĚŝƌĞĐƚĞĚ ƚŚĞƌĂƉǇ͕͛  ŽŶĚĞƌǌŽĐŚƚĞŶ ǁĞ ĨĂĐƚŽƌĞŶ
ƉƌŽŐŶŽƐƟƐĐŚ ǀŽŽƌŵŽƌƚĂůŝƚĞŝƚ ǀĂŶ ƉĂƟģŶƚĞŶŵĞƚ dD͕ ĞŶ ĂŶĂůǇƐĞĞƌĚĞŶǁĞ
ŶĞƵƌŽƌĂĚŝŽůŽŐŝƐĐŚĞ ĂďŶŽƌŵĂůŝƚĞŝƚĞŶ ŝŶ ƌĞůĂƟĞ ƚŽƚ ŽŶƚƐƚĞŬŝŶŐ ĞŶĚĞƵŝƚŬŽŵƐƚ

















































Figuur 8.1 Conceptueel raamwerk en bevindingen van het proefschrift met betrekking 
tot behandeling en uitkomst van TBM.
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Samenvatting van de onderzoeksbevindingen
ŝƚ ƉƌŽĞĨƐĐŚƌŝŌ ƐƚƌĞĞŌ ĞƌŶĂĂƌ ǀƌĂŐĞŶ ƚĞ ďĞĂŶƚǁŽŽƌĚĞŶ ƌĞůĞǀĂŶƚ ǀŽŽƌ ŚĞƚ
ŽƉƟŵĂůŝƐĞƌĞŶ ǀĂŶ ĚĞ ŬůŝŶŝƐĐŚĞ ďĞŚĂŶĚĞůŝŶŐ ǀĂŶ dD͘ ,Ğƚ ďĞǀĂƚ ǌĞƐ ƐƚƵĚŝĞƐ͕
ŽƉŐĞĚĞĞůĚŝŶƚǁĞĞĚĞůĞŶ͘,ĞƚĞĞƌƐƚĞĚĞĞů;ŚŽŽĨĚƐƚƵŬϮͲϰͿďĞƚƌĞŌĂŶƟŵŝĐƌŽďŝģůĞ
ďĞŚĂŶĚĞůŝŶŐ ǀĂŶ dD ĞŶ ƌŝĐŚƚ ǌŝĐŚ ƐƉĞĐŝĮĞŬ ŽƉ ŚĞƚ ŐĞďƌƵŝŬ ǀĂŶ ĞĞŶ ŚŽŐĞƌĞ
ĚŽƐĞƌŝŶŐƌŝĨĂŵƉŝĐŝŶĞĚĂŶŐĞďƌƵŝŬĞůŝũŬ͘,ĞƚƚǁĞĞĚĞĚĞĞů;ŚŽŽĨĚƐƚƵŬϱͲϳͿŽŶĚĞƌǌŽĞŬƚ




ĞƌĚĞƌĞ ƐƚƵĚŝĞƐ ĚŝĞ ĚĞ ƌŝĨĂŵƉŝĐŝŶĞ ĚŽƐŝƐͲƌĞƐƉŽŶƐĐƵƌǀĞ ŽŶĚĞƌǌŽĐŚƚĞŶ͕
ůŝĞƚĞŶ ǌŝĞŶĚĂƚ ĚĞŚƵŝĚŝŐ ƚŽĞŐĞƉĂƐƚĞ ĚŽƐĞƌŝŶŐ ǀĂŶ ϭϬŵŐͬŬŐǁĂĂƌƐĐŚŝũŶůŝũŬ




ĐĞŶƚƌĂĂů ǌĞŶƵǁƐƚĞůƐĞů ďĞƌĞŝŬƚ ĚŽŽƌ ĚĞ ďůŽĞĚͲŚĞƌƐĞŶďĂƌƌŝğƌĞ ĞŶ ĚĞ ďĂƌƌŝğƌĞ







/Ŷ ŽŶǌĞ ĞĞƌƐƚĞ ƐƚƵĚŝĞ͕ ĚĞ ĞĞƌƐƚĞ ͚ĐůŝŶŝĐĂů ƚƌŝĂů͛ ǁĞƌĞůĚǁŝũĚ ĚŝĞ ĞĞŶ ŚŽŐĞƌĞ
ƌŝĨĂŵƉŝĐŝŶĞĚŽƐĞƌŝŶŐ ďŝũ dD ƉĂƟģŶƚĞŶ ŽŶĚĞƌǌŽĐŚƚ͕ ǀĞƌŚŽŽŐĚĞŶ ǁĞ ĚĞ
ĚŽƐĞƌŝŶŐǀĂŶϭϬŶĂĂƌϭϯŵŐͬŬŐĞŶƉĂƐƚĞŶĞĞŶŝŶƚƌĂǀĞŶĞƵǌĞŝŶƉůĂĂƚƐǀĂŶŽƌĂůĞ
ƚŽĞĚŝĞŶŝŶŐƐƌŽƵƚĞƚŽĞ͘ŝƚůĞŝĚĚĞƚŽƚĞĞŶďĞƚĞƌĞďůŽŽƚƐƚĞůůŝŶŐĞŶŽŽŬĞĞŶďĞƚĞƌĞ
ŽǀĞƌůĞǀŝŶŐ ǀĂŶ dDͲƉĂƟģŶƚĞŶ ;ŐĞĐŽƌƌŝŐĞĞƌĚĞ ͚ŚĂǌĂƌĚ ƌĂƟŽ͛ ǀĂŶ Ϭ͘ϰϮ͖ ϵϱй
ďĞƚƌŽƵǁďĂĂƌŚĞŝĚƐŝŶƚĞƌǀĂůϬ͘ϮϬͲϬ͘ϵϭ͕ƉсϬ͘ϬϯͿ͘/Ŷhoofdstuk 2͕ŐĞďƌƵŝŬŵĂŬĞŶĚ
ǀĂŶ ŽƉŐĞƐůĂŐĞŶ ŵŽŶƐƚĞƌƐ ǀĂŶ ĚĞǌĞ ĞĞƌƐƚĞ ͚ƌĂŶĚŽŵŝƐĞĚ ĐŽŶƚƌŽůůĞĚ ƚƌŝĂů͛
;ZdͿ͕ ŽŶĚĞƌǌŽĐŚƚĞŶ ǁĞ ĚĞ ĐŽŶĐĞŶƚƌĂƟĞͲƌĞƐƉŽŶƐƌĞůĂƟĞ ǀŽŽƌ ƌŝĨĂŵƉŝĐŝŶĞ








ĚŝĞ ŽǀĞƌůĞĚĞŶŵĞƚ ŚĞŶĚŝĞ ŽǀĞƌůĞĞĨĚĞŶ͕ ĞŶ ƚƵƐƐĞŶ ŚĞŶĚŝĞǁĞů ŽĨ ũƵŝƐƚ ŶŝĞƚ
ŚĞƌƐƚĞůĚĞŶǀĂŶŚƵŶĐŽŵĂ͘tĞǀŽŶĚĞŶĞĞŶ ƐƚĞƌŬĞ ĐŽŶĐĞŶƚƌĂƟĞͲĞīĞĐƚ ƌĞůĂƟĞ
ƚƵƐƐĞŶ ƌŝĨĂŵƉŝĐŝŶĞ ďůŽŽƚƐƚĞůůŝŶŐ ĞŶ ŵŽƌƚĂůŝƚĞŝƚ͕ ǁĂĂƌďŝũ ŚŽŐĞƌĞ ƌŝĨĂŵƉŝĐŝŶĞ








ŽƉŐĞŶŽŵĞŶ ƉĂƟģŶƚĞŶ ǁŽƌĚĞŶ ƚŽĞŐĞĚŝĞŶĚ͘ ĂĂƌŽŵ ƌŝĐŚƩĞŶ ǁĞ ŽŶƐ ŝŶ ĚĞ
ƚǁĞĞĚĞƚƌŝĂůŽƉǀĂƐƚƐƚĞůůĞŶǀĂŶŽƌĂůĞĚŽƐĞƌŝŶŐĚŝĞǌŽƵůĞŝĚĞŶƚŽƚĞĞŶďůŽŽƚƐƚĞůůŝŶŐ
ǀĞƌŐĞůŝũŬďĂĂƌŵĞƚĚŝĞǀĂŶŝŶƚƌĂǀĞŶĞƵǌĞƚŽĞĚŝĞŶŝŶŐǀĂŶϭϯŵŐͬŬŐŝŶƚƌĂǀĞŶĞƵƐ




ǀĞƌŐĞůŝũŬďĂĂƌŵĞƚ ϲϬϬŵŐ ŝŶƚƌĂǀĞŶĞƵƐ ƚŽĞŐĞĚŝĞŶĚĞ ƌŝĨĂŵƉŝĐŝŶĞ͘tĞ ǀŽŶĚĞŶ
ĚĂƚŚŽŐĞƌĞĚŽƐĞƌŝŶŐĞŶŽƌĂĂůƚŽĞŐĞĚŝĞŶĚĞƌŝĨĂŵƉŝĐŝŶĞǀĂŶϳϱϬŵŐ;ϭϲ͕ϳŵŐͬ
ŬŐͿ ĞŶ ϵϬϬŵŐ ;ϭϴŵŐͬŬŐͿ ůĞŝĚĚĞŶ ƚŽƚ ĞĞŶ ŐĞŵŝĚĚĞůĚĞ ƚŽƚĂůĞ ďůŽŽƚƐƚĞůůŝŶŐ
ĂĂŶ ƌŝĨĂŵƉŝĐŝŶĞ ŝŶ ƉůĂƐŵĂ ;hϬͲϮϰͿ ǀĞƌŐůŝũŬďĂĂƌ ŵĞƚ ϲϬϬ ŵŐ ;ϭϯ͘ϯ ŵŐͬŬŐͿ





ĞŶ ůŝƋƵŽƌ ƌŝĨĂŵƉŝĐŝŶĞ ĐŽŶĐĞŶƚƌĂƟĞ ĚĂŶ ŝŶƚƌĂǀĞŶĞƵǌĞ ƚŽĞĚŝĞŶŝŶŐ ǀĂŶ ϭϯ
ŵŐͬŬŐ ƌŝĨĂŵƉŝĐŝŶĞ͘ ĂĂƌŽŵ ǀŽĞƌĚĞŶ ǁĞ ĞĞŶ ĚĞƌĚĞ ŬůŝŶŝƐĐŚĞ ƚƌŝĂů ŐĞƌŝĐŚƚ
ŽƉ ĚĞ ĨĂƌŵĂĐŽŬŝŶĞƟĞŬ͕ ǀĞŝůŝŐŚĞŝĚ͕ ǀĞƌĚƌĂĂŐďĂĂƌŚĞŝĚ ĞŶ ŚĞƚ ƉŽƚĞŶƟģůĞ
ŽǀĞƌůĞǀŝŶŐƐǀŽŽƌĚĞĞů ǀĂŶ ŽƌĂĂů ƚŽĞŐĞĚŝĞŶĚĞ ƌŝĨĂŵƉŝĐŝŶĞ ƚŽƚ ĂĂŶ ĞĞŶ
ĚĂŐĞůŝũŬƐĞ ĚŽƐĞƌŝŶŐ ǀĂŶ ϯϬ ŵŐͬŬŐ͕ ǌŽĂůƐ ŐĞƉƌĞƐĞŶƚĞĞƌĚ ŝŶ hoofdstuk 4͘
ĞŶ ŚŽŐĞƌĞ ĚŽƐĞƌŝŶŐ ŽƌĂĂů ƚŽĞŐĞĚŝĞŶĚĞ ƌŝĨĂŵƉŝĐŝŶĞ ůĞŝĚĚĞ ƚŽƚ ĞĞŶ ŚŽŐĞƌĞ
ƉůĂƐŵĂŐĞŶĞĞƐŵŝĚĚĞůĞŶĐŽŶĐĞŶƚƌĂƟĞ ǀĞƌŐĞůĞŬĞŶ ŵĞƚ ĚĞ ƐƚĂŶĚĂĂƌĚ ϰϱϬ ŵŐ
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;ŽŶŐĞǀĞĞƌ ŽǀĞƌĞĞŶŬŽŵĞŶĚ ŵĞƚ ϭϬ ŵŐͬŬŐͿ͗ ĚƌŝĞŵĂĂů ŚŽŐĞƌ ǀŽŽƌ ĚĞ ϵϬϬ
ŵŐ;ϮϬŵŐͬŬŐͿŐƌŽĞƉĞŶǀŝũĨŵĂĂůŚŽŐĞƌǀŽŽƌĚĞϭϯϱϬŵŐ;ϯϬŵŐͬŬŐͿŐƌŽĞƉ͘
Ğ ƐƚƵĚŝĞ ůŝĞƚ ŽƉŶŝĞƵǁ ǌŝĞŶ ĚĂƚ Ğƌ ĞĞŶ ŐƌŽƚĞ ŝŶƚĞƌŝŶĚŝǀŝĚƵĞůĞ ǀĂƌŝĂƟĞ ŝŶ
ƉůĂƐŵĂͲ ĞŶ ůŝƋƵŽƌďůŽŽƚƐƚĞůůŝŶŐ ĂĂŶ ƌŝĨĂŵƉŝĐŝŶĞ ďĞƐƚĂĂƚ͕ ĂůŚŽĞǁĞů ŚŽŐĞͲĚŽƐŝƐ
ŽƌĂůĞ ƌŝĨĂŵƉŝĐŝŶĞ ǀĞŝůŝŐ ǁĂƐ ĞŶ ŐŽĞĚ ǁĞƌĚ ǀĞƌĚƌĂŐĞŶ ĚŽŽƌ ĂůůĞ ƉĂƟģŶƚĞŶ͘
sĞƌĚƌŝĞĚƵďďĞůĞŶǀĂŶĚĞĚŽƐĞƌŝŶŐǀĂŶŽƌĂůĞƌŝĨĂŵƉŝĐŝŶĞŶĂĂƌϯϬŵŐͬŬŐůĞŝĚĚĞ
ƚŽƚ ĞĞŶ ĂĨŶĂŵĞ ǀĂŶ ϱϲй ŝŶ ĚĞ ŬĂŶƐ Žŵ ƚĞ ƐƚĞƌǀĞŶ ďŝŶŶĞŶ ǌĞƐ ŵĂĂŶĚĞŶ
ǀĞƌŐĞůĞŬĞŶŵĞƚĚĞƐƚĂŶĚĂĂƌĚĚŽƐĞƌŝŶŐ͘ŝƚǀĞƌƐĐŚŝůďĞƌĞŝŬƚĞŶŝĞƚĚĞĂŅĂƉǁĂĂƌĚĞ
ǀŽŽƌ ƐƚĂƟƐƟƐĐŚĞ ƐŝŐŶŝĮĐĂŶƟĞ͕ ǁĂĂƌƐĐŚŝũŶůŝũŬ ĚŽŽƌ ĚĞ ďĞƉĞƌŬƚĞ ƐƚĂƟƐƟƐĐŚĞ
ƉŽǁĞƌ ǀĂŶ ĚĞǌĞ ĨĂƐĞ // ƐƚƵĚŝĞ ĚŝĞ ƉƌŝŵĂŝƌ ĚĞ ĨĂƌŵĂĐŽŬŝŶĞƟĞŬ͕ ǀĞŝůŝŐŚĞŝĚ ĞŶ
ǀĞƌĚƌĂĂŐďĂĂƌŚĞŝĚŽŶĚĞƌǌŽĐŚƚ͘
,ĞƚƚǁĞĞĚĞĚĞĞůǀĂŶĚŝƚƉƌŽĞĨƐĐŚƌŝŌďĞǀĂƚŬůŝŶŝƐĐŚͲƌĂĚŝŽůŽŐŝƐĐŚĞĞŶƉƌŽŐŶŽƐƟƐĐŚĞ
ƐƚƵĚŝĞƐ ĚŝĞ ŬƵŶŶĞŶ ďŝũĚƌĂŐĞŶ ĂĂŶ ǀĞƌďĞƚĞƌĚĞ ͚ŚŽƐƚͲĚŝƌĞĐƚĞĚ ƚŚĞƌĂƉǇ͛ ŽĨ
ŽŶĚĞƌƐƚĞƵŶĞŶĚĞ ƚŚĞƌĂƉŝĞ ǀŽŽƌ dD͘ /Ŷ hoofdstuk 5 ŽŶĚĞƌǌŽĐŚƚĞŶ ǁĞ ĚĞ
ƉƌŽŐŶŽƐƟƐĐŚĞǁĂĂƌĚĞǀĂŶƌŽƵƟŶĞŵĂƌŬĞƌƐǀŽŽƌŽǀĞƌůĞǀŝŶŐǀĂŶƉĂƟģŶƚĞŶ͘ĞǌĞ
ƉƌŽƐƉĞĐƟĞǀĞ ĐŽŚŽƌƚ  ƐƚƵĚŝĞ ŝŶĐůƵĚĞĞƌĚĞ ƉĂƟģŶƚĞŶŵĞƚŵǇĐŽďĂĐƚĞƌŝŽůŽŐŝƐĐŚ
ďĞǁĞǌĞŶ dD ;͚ĚĞĮŶŝƚĞ dD͛Ϳ ĞŶ ƉĂƟģŶƚĞŶ ŵĞƚ ĚĞ ǁĂĂƌƐĐŚŝũŶůŝũŬŚĞŝĚƐ
ĚŝĂŐŶŽƐĞdD;͚ƉƌŽďĂďůĞdD͛Ϳ͘WĂƟģŶƚĞŶǁĞƌĚĞŶŵĞĞƌĚĂŶĞĞŶũĂĂƌŐĞǀŽůŐĚ͘
Ğ ϭͲũĂĂƌƐŵŽƌƚĂůŝƚĞŝƚ ǀĂŶ dDͲƉĂƟģŶƚĞŶ ǁĂƐ ϰϯ͕ϳй͘ ,/sͲŝŶĨĞĐƟĞ͕ ǌŝĞŬƚĞͲ
ĞƌŶƐƚ͕ ŶĞƵƌŽůŽŐŝƐĐŚĞ ĐŽŵƉůŝĐĂƟĞƐ ĞŶ ĞĞŶ ůĂŐĞ ůŝƋƵŽƌ ŐůƵĐŽƐĞĐŽŶĐĞŶƚƌĂƟĞ







hŝƚŐĂŶŐƐͲDZ/Ɛ ůŝĞƚĞŶĂĂŶŬůĞƵƌŝŶŐǀĂŶĚĞŚĞƌƐĞŶǀůŝĞǌĞŶ ;ϴϵйͿ͕ ƚƵďĞƌĐƵůŽŵĞŶ
;ϳϳйͿ͕ ŚĞƌƐĞŶŝŶĨĂƌĐƚĞŶ ;ϲϬйͿ ĞŶ ŚǇĚƌŽĐĞĨĂůƵƐ ;ϱϲйͿ ǌŝĞŶ͘ dƵďĞƌĐƵůŽŵĞŶ
ǁĂƌĞŶŐĞĂƐƐŽĐŝĞĞƌĚŵĞƚŵŽƚŽƌƵŝƚǀĂůĞŶĂĂŶŬůĞƵƌŝŶŐǀĂŶĚĞŚĞƌƐĞŶǀůŝĞǌĞŶĞŶ
ŚǇĚƌŽĐĞĨĂůƵƐ ƐĂŵĞŶŚŝŶŐŵĞƚ ĞĞŶ ůĂŐĞƌĞ 'ůĂƐŐŽǁ ŽŵĂ ^ĐŚĂĂů ;'^Ϳ ƐĐŽƌĞ
ĞŶŵĞĞƌƵŝƚŐĞƐƉƌŽŬĞŶĂĨǁŝũŬŝŶŐĞŶǀĂŶĚĞůŝƋƵŽƌ͘ EĂƚǁĞĞŵĂĂŶĚĞŶůŝĞƚĞŶĚĞ
ŵĞĞƐƚĞƉĂƟģŶƚĞŶǀĞƌĞƌŐĞƌŝŶŐǀĂŶĚĞDZ/ͲďĞǀŝŶĚŝŶŐĞŶǌŝĞŶ͕ŵĞƚŶĂŵĞŶŝĞƵǁĞ
ŽĨǀĞƌŐƌŽƚĞ ƚƵďĞƌĐƵůŽŵĞŶ ;ϳϯйͿŽĨĂĂŶŬůĞƵƌŝŶŐǀĂŶĚĞŚĞƌƐĞŶǀůŝĞǌĞŶ ;ϲϴйͿ͘
ĞƐŵĂĂŶĚĞŶŵŽƌƚĂůŝƚĞŝƚ ǁĂƐ ϯϯй ĞŶ ǁĂƐ ŐĞĂƐƐŽĐŝĞĞƌĚ ŵĞƚ ŚŽŐĞƌĞ ůĞĞŌŝũĚ
ĞŶ ůĂŐĞƌĞ'^͘ĞǀŝŶĚŝŶŐĞŶŽƉĚĞƵŝƚŐĂŶŐƐͲDZ/ ĞŶ ǀĞƌǀŽůŐͲDZ/ ůŝĞƚĞŶŐĞĞŶ
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ůŽŶŐ ƚƵďĞƌĐƵůŽƐĞ͕ ĚŽŽƌŵŝĚĚĞů ǀĂŶ ŬǁĞĞŬ ďĞǀĞƐƟŐĚĞ dD͕ ĞĞŶ ůĂŐĞƌĞ '^
ĞŶĞĞŶŵĞĞƌƵŝƚŐĞƐƉƌŽŬĞŶŽŶƚƐƚĞŬŝŶŐŝŶďůŽĞĚĞŶůŝƋƵŽƌ͘ ,ǇƉŽŶĂƚƌŝģŵŝĞŐŝŶŐ
ƐĂŵĞŶŵĞƚ ĞĞŶ ƚŽĞŐĞŶŽŵĞŶŵŽƌƚĂůŝƚĞŝƚ ǀĂŶ,/sͲŶĞŐĂƟĞǀĞ ƉĂƟģŶƚĞŶ͕ŵĂĂƌ
ůŝĞƚ ŐĞĞŶ ŽŶĂĬĂŶŬĞůŝũŬĞ ĂƐƐŽĐŝĂƟĞ ǌŝĞŶ ŝŶŵƵůƟǀĂƌŝĂƚĞ ƌĞŐƌĞƐƐŝĞ ĂŶĂůǇƐĞ ĞŶ
ŐĞĞŶĐĂƵƐĂĂůĞīĞĐƚŽƉŵŽƌƚĂůŝƚĞŝƚŝŶŚĞƚŐĞďƌƵŝŬƚĞŵŽĚĞů͘
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